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Why Another Botanical Magazine? 

To serve as a common meeting place for botanists, 
interested primarily in fundamental principles, and 
others who are concerned with economic applications 
of those principles and with the industrial utilization 
of plants and plant products. 

WILLIAM J. ROBBINS 

Thf Ntw Yorl’ Botanical Garth ii 


Man lias always been (lepeiulent n])oii 
plants for his food, the oxygen he 
breathes, for fuel, for ('lothing, for mneh 
of his shelter, for various inedieiiies and 
for itinnmerable eoin forts and eonveni* 
euees. Without plants there would be 
no animal kingdom, and man himself 
eonld not exist. This basic* economic 
importaiK^e of plants is rec'ognized in the 
name used for the scientific study of 
])lants — Botany — whic*h is derived from 
a (Jreek word meaning to eat, and the 
early history of botanical science shows 
('1 early its origin in the use of plants for 
food and for medicine. 

From plants we obtain linseed oil, corn 
and coconut oil, turpentine, laecpier, var- 
nishes and resins, coffee, tea and other 
beverages, perfumes, flavorings and 
s])ices, drugs and inseeti<*ides, paper, 
cordage, cellulose for artificial silks and 
a hundred other useful i^roducts. How 
much of our economy depends upon 
many of these plant products, some from 
distant places, was em])hasized by our 
experience during the ])ast war which 
cut us off from normal supplies. Rub- 
ber and quinine are two of the products, 
the shortage of which was felt most 
keenly, but there were many others, for 
example, the sponge of the luffa gourd, 
the insecticide pyrethrum, chicle for 
chewing gum, the drug ergot, agar agar 
and cork. On the detrimental side, 
bacteria, yeasts and molds cause disease 
in other plants and in animals and man, 


rot wood and cloth, mold food, sliort- 
circuit electrical instruments and deteri- 
orate optical equipment iu the tro])ics. 

Another way in which plants (*on- 
tribute to oiir e(*onomi(‘ system is through 
the association of microorganisms in the 
formation of various products, for ex- 
ample, cheese, tlie ])roduc1ion of which 
depends upon the activity of the lactic* 
a(*id and other bacteria and vaj'ious 
molds; beer, wine and other licpiids fer- 
mented by yeast ; sauerkraut, vinegar, 
soy sauce and many others less well 
known or desirable. Bacteria, yeasts 
and molds, as we learn to know them 
better, are iiKTeasingly used for prodm*- 
ing specific ehemii'al compounds whicli 
are beyond the skill of the laboratory 
worker or whi(*h can be made moi’e 
cheaply by the microorganism. Al(*ohol, 
acetic acid, acetone, glycerine, citric acid, 
gluconic acid and riboflavin are some of 
these compounds. The most recent and 
illustrious additions to this list are peni- 
cillin and strei)tomycin. 

In spite of the essential importance of 
plants for our existence, periodical maga- 
zines devoted exclusively, at least by 
title, to the economic values of the plant 
kingdom are few in number. The jour- 
nal Angewandte Botanik — Zeitschrifi 
fiir Erforschung der Nutzpflanzen was 
initiated in 1919, La Revue de Bofanique 
Appliquee et d^igricultnre Tropicale 
begun in 1901 and the Revue des CuL 
tures Coloniales founded in 1897. ^ Ol^er 
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journals of more {yeneral scope include 
articles on economic botany, for ex- 
ample, The Vhemvrgic Digest and The 
JouriHil of Agncidtural Research. Still 
others, as those concerned with plant dis- 
eases and various aspects of horticulture, 
deal to a considerable degree with spe- 
cialized fields of applied botany. How- 
ever, unless others have escaped my 
attention, i)eriodicals which endeavor to 
cover the field of ])laut utilization in a 
more or less all embracing manner are 
feAV indeed. 

In an effort to remedy this paucity of 
periodical information on an academic 
level in America, there now appears 
Economic Botany, of which this issue is 
the first number. The particular name 
selected for this journal is of relatively 
minor importance, for it might as well 
have been titled by some other term to 
indicate that it is concerned with further- 
ing the application of the knowledge of 
plants in general to human affairs. 

It is not necessary to elaborate further 
on the importance of plants to man and 
on their number and variety, nor to 
emphasize that the potentialities of the 
plant kingdom still to be developed are 
limited largely by our knoAvledge of it 
and our desire and ability to use that 
knowledge. It must be realized, how- 
<*ver, that kuoAvledge is one thing and its 
ajiplication to human problems another. 
Tlu‘ individual or group with the requi- 
site knowledge may be unfamiliar with 
or uninterested in practical problems, 
and, on the contrary, the man confronted 
by a problem may be unacquainted with 
the knowledge he requires to solve it. 

A journal of applied botany is there- 
fore needed to bridge the gap which al- 
Avays exists between knowledge and its 
application, betAveen those, interested in 
knowledge for its OAim sake and those in- 
terested in it because of its usefulness. 
This can be accomplished, in part, by 
publishing information on plants of po- 



tential economic importance, on the less 
well known methods and facilities by 
which plants and plant products are 
used, on problems encountered in utiliz- 
ing botanical materials, on botanical 
lirinciples which may be of practical 
significance, and on many other subjects 
which space here does not permit to be 
enumerated. 

Of course, it is not possible nor desir- 
able to separate sharply botany from 
economic botany. This is generally true 
of so-called pure and applied science. 
The investigator of a problem of inqior- 
tance to industry may discoA’er prin- 
ci[)]es of general application and thus 
add to the total of knowledge in that 
field ; the scientist driven only by his 
oAvn curiosity or his dissatisfaction with 
answers to questions Avhich haAe no im- 
mediate application may uncover infor- 
mation which becomes the basis of a new 
industry or mak(‘s an old one more etfec- 
tive. Pasteur, for instance, did not 
hesitate to investigate the ^spoilage of 
beer, diseases of silk worms or anthrax 
of cattle and sheep, problems of practical 
importance. Yet his discoveries gave us 
fundamental concepts which opened an 
entire segment of biological science. 
Furthermore, an investigation of the 
genetics of the fruit fly or of the pink 
bread mold establishes principles which 
may be applied to the breeding of wheat 
and cattle. 

To develop a journal which will serve, 
in a sense, as a common meeting place 
for botanists, interested primarily in 
fundamental principles, and those con- 
cerned with their application and de- 
velopment is highly desirable in today’s 
ever increasing state of technological 
sjAecialization, It is the purpose of 
Economic Botany to meet this need, as 
well as to provide information for those 
who value knowledge purely for the sake 
of learning. 



Hybrid Corn — Science in Practice 

In the production of which, the application of geneti- 
cal knowledge and technique has increased the Ameri- 
can corn crop billions of bushels, worth billions of 
dollars. 

GOliDON MOEEISON* 

Jiurf/csft Sf'f d and Plant Company, Galrshury, Michigan 


Thanks to hybrid seed, many more 
biisliels of eoni of better quality are now 
prodneed nation-wid(' on fewer aeres 
than formerly and at much less eost per 
bushel in terms of man power. This 
jiratifyin”* state of affairs derives from 
a dis(*overy made more than forty years 
i\^o by I)j*. Oeorji’e Harrison Shnll. 
Shull was then en<»a^‘ed in r(‘seareh in 
])iire seienee at the newly established 
Station for Experimental Evolution oF 
the Carnegie Institution of Washington 
at t/old Spring Harbor, Long Island, 
New York. 

following the i*ediseovery of Menders 
Laws Sliiill set out to diseover the basic 
principles of the origin and inheritance 
of new characters. His ])rimary pur- 
pose in studying corn was to determine 
the effect of inbreeding upon the inheri- 
tance of numbers of rows of grains on 
the ears. Jn the course of his experi- 
ments Shull isolated numerous liighly 
inbred lines of corn. Manifestations of 
hybrid vigor in the progenies from con- 
trolled crosses between liighly iiibred 
lines impressed this farm-bred researcher 
that he was dealing with a principle of 
tremendous practical importance. Shull 
realized that he had within his grasp an 
improved method of corn breeding; a 

* Formerly Iteseavelj Associate in Oeneties, 
Station for Experimental Evolution, Carnegie 
Institution of Washington, Cold Spring Harbor, 
Long Island, New York. 


means of realizing higher yields of rorn 
through utilizing hybi-id vigor. 

Shnll called his new (*orn-breeding 
technique *L \ Pure Lim* Alcthod in (^)rn 
Breeding ' \ However, the end ]>roduct 
of this new method of (*orn brc(‘ding — 
namely, seeds for farmers’ use — has lie- 
.come known thronghoiil agriiuiltui'a! 
science and industry as “Hybrid (’oj-n“ 
01* as “Crossed since the s^shI 

crop is indecsl hybridized-('())*n or crossed- 
(‘orn. 

What is a Hybrid? 

Some readers may feel that undue 
liberties have been takcni by (‘oiui breed- 
ers in such use of the term “hybrid”. 
The tei-m was used by earlier biologists 
and laymen to designate the olTs])i*ing 
from a ci’oss between member’s of differ- 
ent species. Thus the mule is a hybrid 
of the horse and jac'kass. 

Modern plant breeders use the word 
‘‘hybrid” to designate all cases in which 
the parents differ in one or more heredi- 
tary traits. Thus wheji we cross varie- 
ties of garden bean that differ in color of 
pods we may say that the first generation 
offspring are hybrid for wax and green 
pod color. 

Hybrid Corn is a Special 
Kind of Hybrid 

In Hybrid Corn the term “hybrid” is 
used in a very si)ecial sense. Tt desig- 
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nates corn seed which is the result of 
completely controlled crossinjr of chosen 
uniform inbred strains, (rood hybrids 
that find use in ajrricniture are derived 
by crossiii": and testing; Jarj^e numbers of 
iubreds. This serves to dis(dose those 
combinations of inbreds which impart to 
their hybrid offspring; unusual vigfor and 
capa(*ity for relatively hi^h yields of 
jrrain and fodder. Adapted hybrids 
commonly produce yields 10% to ^0% 
{greater than the corresponding open- 
pollinated varieties under similar cir- 
cumstances. 

There are several kinds of corn hy- 
brids in use in practical agriculture, in- 
cluding single crosses and double crosses. 
Hybrid Corn seed of commerce is not 
made hybrid by controlled hand (crossing 
but by a dependable field method out- 
lined in the section devoted to the tech- 
nique of mass prodiK'tion of Hybrid 
(>>rn. 

For a technical discussion of tlie little 
understood but very valuable phenome- 
non of hybrid vigor the reader is advised 
to consult “Hybrid Vigor and Corn 
Breeding” by F, D. Richey, whicli ap- 
])eared in the September, 1946, issue of 
the Journal of the American Society of 
Agronomy. 

History of the Origin of 
Hybrid Corn 

Shuirs first major experiment at the 
Station for Exi)erimental Evolution was 
devised in 1904 to determine what influ- 
en(*e the method of breeding has on the 
])roduction of mutations and on their 
frecpiency of occurrence. For this i)ur- 
pose Shull obtained a foundation stock 
of Evening Primrose collected in the 
Avild by Hugo de Vries. 

De Vries had differentiated sharply 
two kinds of variation, namely, mutation 
and fluctuation. It seemed desirable to 
Shull, in connection A\dth his experiments 
on the effects of cross and self fertiliza- 
tion on mutations, to study also the rela- 


tive influence of cross fertilization and 
self fertilization on the extent of fluctu- 
ating A^ariation in a cultivated plant such 
as corn. Shull chose as an ideal object 
for such an investigation the numbeife of 
rows of grain on the ears of corn. 

Since Shull had started his research 
with previously unstudied Evening 
Primrose it seemed desirable to start the 



Fig. 1. Ueorge Harrison Shull, originator of 
Hybrid Corn, who8c‘ giuiius in obtaining highly 
inbred lines of corn and in producing hybrid 
vigor by crossing such inbred lines, made pos- 
sible larger acreage yields of better corn and 
laid the foundation for an industry whicli from 
1942 through 194.1 ])roduced an increase in the 
national corn production amounting to more 
than $2,000,000,000. 

work Avith corn in the same manner. So 
he proceeded to count the rows of grains 
on the ears of several bushels of corn 
that the station had bought as horse 
feed. He saATd ears for planting AA’hich 
belonged to each roAv class, from the Ioav- 
est to the highest roAV number. There 
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was no preconception on the part of 
Shull that he was destined in this experi- 
ment to lay the foundation for a major 
improvement in farm technique that 
Avould make possible the production of 
more corn on fewer acres and with less 
labor. That does not mean, however, 
that Shull did not realize the importance 
of such improvement in afrricultural 
techni<iues. If he had been actually 
aiminpr at such improvements, he prob- 
ably woidd have friven up the experiment 
when he found that each successive }ren- 
eration of inbreedin*? resulted in deteri- 
oration in jdeld as compared with the 
preceding? ffeneratiou. Since Shull was 
not interested at the time in an increased 
yield, but only in the (piestion “What 
will haiipen?”, he was intrigued tre- 
mendously in noting the fact that each 
successive generation of conti’olled self 
pollination in corn produced less deteri- 
oration than the one preceding. This 
led Shull at on»‘e to the view that a limit 
would be reached at which further de- 
terioration would not result from con- 
tinued inbreeding. Already by 1907 the 
segregation of strikingly unlike lines 
made the conclusion inevitable to Shull 
that he was deriving many distinct bio- 
types from what seemed like merely a 
fluctuating series of variations in a popu- 
lation. During the summer of 1907 
Shull explained the situation in detail 
to various visitors including Dr. Edward 
Murray East. 

Incidentally, it needs to be said here, 
in the interest of historical accuracy, that 
Ea.st’s name has often been linked in mis- 
leading manner with SludFs in relation 
to the origin of hybrid corn. Much of 
the literature, particularly genetic text 
books and poi)ular books on plant im- 
provement, haA’e implied or stated si)e- 
cifleally that Shull and East arrived at 
the same conclusions about hybrid corn 
simultaneously and quite independently 
of each other. As a matter of fact, 
Shull and East began working with self- 


fertilized lines of corn at about the same 
time, namely about 1905, but at different 
exi)eriment stations and entirely inde- 
pendently. Shull based his proposals 
for Hybrid Corn solely upop his own 
ex])eriments. These proposals remain 
today the basis of the development of 
Hybrid Corn seed as it is produced for 
nationwide use on more than half of the 
national corn acreage. On the other 
hand. East minimized the importance of 
SludFs proposals by '.stressing the fact 
tliat the experiments had been conducted 
on a small scale and that the conclusions, 
although probably scientifically correct, 
were of no practical value. Indeed, 
East, as late as 1912, recommended 
crossing of varieties as the most practical 
means of utilizing hybrid vigor, thus 
leaving Shull’s proposal the only one 
Avhich advocated serioiusly the utilization 
of inbreeding as a preliminary phase of 
the production of liybridized seed corn. 

Ill annonneing his early experiments 
that served to inaugurate a new era iu 
corn breeding. SIndl prepared in 1907 
his first ])apcr on c(»rn breeding for the 
..\mcrican Breeder’s Association. This 
pajier, entitled “The ('omposition of a 
Field of Maize’’, was read at the annua! 
meeting in late January, 1908, iu Wash- 
ington, D. C., and was published later 
the .same yivir in the Froceedings of the 
American Breeders’ Association. 

The n(*xt year, 1909, Shull read his 
ejiochal paper, “A Pure Line Method 
in Corn Breeding’’, before the American 
Breeders’ .Association, assembled in Co- 
lumbia, Mis,souri. This paper was pub- 
lished in the yearbook ol the American 
Breeders’ Association, ^"olume 5. 

In the course of his studies on the 
origin and inheritance of new characters, 
►Shull discovei'ed that by inbreeding to 
isolate pure breeding tyjies he was in- 
deed determining by genetic analyusis the 
hereditary composition of a field of corn. 

In the American Breeders’ Association 
article of 1908 i^hull reasoned that the 
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difficulties, such as lessened size and 
vigor, that had often been encountered 
in attempting to improve open-polli- 
nated crops by inbreeding, could hardly 
be explained by the harmfiil effects pro- 
duced by the accumulation of disadvan- 
tageous individual variations. Many 
crops, including peas and beans, wheat 
and barley, have been naturally and ex- 
clusively or almost exclusively self -polli- 
nated for countless generations with no 
apparent ill effects. Shull deduced that 
continued self-fertilization simply iso- 
lates, in due time, various pure-breed- 
iug “biotypes” or strains by separating 
them from hybrid combinations. Thus 
the differences between inbreds is due to 
the different hereditary factors possessed 
by the various inbreds. 

Shull concluded ifi 1908 that the fun- 
damental problem in corn breeding is 
the development and maintenance of 
that hybrid combination which possesses 
the greatest vigor, since the most impor- 
tant characteristics for which the eorn 
breeder strives are those closely related 
to the question of physiological vigor. 

Impressed by the yields of inbreds 
compared with the greater yields and 
the remarkable uniformity of some first 
generation hybrids, Shull reasoned that 
separating and recombining of definite 
pure lines might 3 'iel(l valuable results. 

Shull’s Directions for Obtaining and 
Utilizing Hybrid Vigor in Corn 

Based upon his own investigations 
and demonstrations. Shull suggested in 
1908 the following pi*ocedure for the 
corn breeder interested in obtaining re- 
sults of practical value: 

(а) Obtain by controlled self-pollina- 
tion as many self-fertilized ears as prac- 
ticable of the variety he is attempting 
to improve. 

(б) Continue selective inbreeding un- 
til strictly uniform lines have been 
established. 

(c) Make all possible combinations of 
crosses between these inbred lines. 


(d) Grow all first generation hybrid 
combinations in comparative tests and 
study them carefully as to relative yield 
and the possession of other desirable 
<iualities. 

(e) j\Iaintaiu isolated plots for the 
continuance of those inbreds which pro- 
vide the best combinations. 

(/) Maintain an i.solated plot for the 
production of crossed corn for growers’ 
use as seed corn by growing inbreds in 
alternate rows and dotasseling early the 
row’s of the female parent which is to 
yield the crossed eorn for grow’ers’ iise. 

Shull did not himself use the detassel- 
iug method he recommended to the prac- 
tical eorn breeders. All pollinations in 
both selfing and crossing were carried 
out with meticulous care by hand ])olli- 
nation. 

It is significant that Shull’s paj)er on 
his new method in corn breeding ami 
his demonsti’ation received scant acclaim 
from his eorn belt audience. Had his 
listeners seen through the rather clear 
though necessarily academic demonstra- 
tion, they could have advanced practical 
corn growing at once. They could have 
avoided a lag of fully a (juarter-century 
in the ultimate utilization of hybrifl 
vigor in corn growing. It is true that 
Shull used in his studies and in his dem- 
onstrations ordinary field corn from the 
eastern seaboard. Slnill’s relatively vig- 
orous hybrids were far superior to their 
inbred, parents and w’ere equal to the 
best specimens in the ordinary field from 
which the initial selections had been 
made. Nevertheless, the audience in- 
cluded conserv’ative, skeptical corn grow- 
ers who saw Shull’s vigorous hybrids as 
scrubby things indeed compared with 
the tall, large-eared corn-belt varieties. 
The apparent failure to foresee that the 
same percentage gains might be realized 
with local varieties as Shull dt*mon- 
strated with eastern types held progress 
in cheek. 

One important difficulty was encoun- 
tered in carrying out Shull’s program in 
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practice. Many valuable inbreds arc by 
nature very low yielding, and thereby, 
when crossed to produce hybrid seed, the 
yield of first generation hybrid seed for 
fanners use is so low that seed produc- 
tion is unprofitable. This difficulty was 
overcome by T>r D IT .Tnnpf: tJie it)rii. 
liaiit geneticist who has specialized in 
corn breeding at the Connecticut Agri- 
cultural Experiment Station for many 
years. Jones retained Shull’s pure-line 
idea intact and went a single logical stej) 
forward by proposing that two first 
generation hybrids — each derived from 
A'pair of inbreds — b e utilized by cro ss- 
Ing them again similarTv^ Thus hybri- 
dized seed corn necuea" bj’’ the farmer 
could be produced xijmii the highly jiro- 
(luetive first generation hybrul insteail 
of upon the relatively unixroductive in- 
bred used as the female parent in th" 
first field crossing plot. .loiies’s pro- 
posal of the “ double cross” p r ‘ ‘ - l-way 
c ross” roduc(‘d greatly the cost of sctsl 
])roduetion ami has long proved of tre- 
mendous practical im])ortauc(‘. 

When Jones first ai'rived at New 
Haven he Avas (juite .surjn-ised to sec* that 
Hybrid (*orn A\’as not being used. Jones 
got together* all of the available inbreds 
and put them in a small crossing plot 
on the Mt. Carmel farm in 1916. A feAv 
inbreds yielded 20-30 bushels ])t*r aerc of 
seed but most of them were very Ioav. 
The combination that gave the best 
single cross hybrid yielded only about 
two bushels of seed. Jom*s saw that this 
AA-as prohibitively expensive, and the seed 
was so poor in quality that farmers 
Avould not plant it. Having on hand 
single crosses of distinct type it seemed 
Avorthwhile to cross these again. Ac- 
cordingly a small crossing plot was 
grown in 1917 with the best Learning 
single cross as pollinator and scA'eral 
other single crosses as seed parents. 
When tested in 1918 the combination 
of Burr White (020 x 022) x Learning 
(0243 x 0242) gave outstanding results. 


This AA’as tested several years in trials at 
the .station farm and in farmers’ fields. 

Hybrid Corn seed Avas first produced 
for commercial use by fi, ^''erter, 

Cl inton. Connecticut, in 1921- The 
amount of seed A\as not large at any 
time but Avas Avidely distributed until 
the Ave.stern hybrids came into produc- 
tion about 1930. These proved to be so 



Fio. 2. Donald F. .Tones, genetieist and re- 
sourcct'uJ field totdniician, whose device of the 
doiilde cross, /.c., the lield crossing of first 
generation hybrids, overcame the objection of 
low yields of hybridized seed and made possible 
the profitable practical nso of Shull’s method 
of llybrid-C’orn seed-production for widespread 
use by corn farmers. 

.satisfactory and Avere produced so much 
more cheaply in the Avest that soon most 
of the hybrid field corn groAvn in the east 
was of western origin. 

lIoAvever, in February, 1945, research 
Avorkors intere.sted primarily in the 
northeastern State.s met at New Haven, 
Connecticut, to consider problems of 
corn improvement primarily concerned 
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with genetics and to develop a coordi- 
nated program of corn research in the 
nortlieastern area that will promote the 
prod\iction of corn hybrids with as wide 
usefulness as possible. 

Henry A. Wallace and Hybrid Corn 

The name of Henry A. Wallace is 
prominent in the history of Hybrid Corn. 
Wallace’s greatest contribution has been 
that of getting a large number of people 
enthusiastic about inbreeding and cross- 
ing of corn. He wrote many articles on 
the subject of hybrid corn which ap- 
peared in Wallace’s Farmer. Wallace 
started the first commercial hybrid seed 
corn company in the Middle West in the 
mid-20’s. 

Development and Practical Production 

of Hybrid Corn Seed for Growers’ 
Use* 

Ordinary Reproduction in Corn 

Corn is wind-pollinated in nature. 
The pollen is scattered at random on 
receptive silks. There is hardly one 
chance in a thousand that pollen which 
falls on a receptive silk was derived 
from the tassel of the .same plant. Thus 
(frossing is the rule rather than the ex- 
ception. Any plant commonly sheds 
pollen from its tassels over a period of 
ten days to two weeks or more, a period 
long enough to assure, under most con- 
ditions, an abundance of fresh pollen 
for all silks of all ear-buds as the silks 
become reee])tive. The pollen germi- 
nates upon the silk, sending down a 
pollen tube through which the sperm 
reaches the egg to. effect fertilization. 
Selecting an ear from a good plant is 
.selecting a good female parent only, 
since each kernel on the ear may have 
been pollinated from a different male 
parent plant. 

* In this section we are using freely as a 
reference and often quoting whole paragraphs 
directly from F. D. Richey’s excellent Farmer’s 
Bulletin 1744^ “The What and How of Hybrid 
Corn’’. 


Selecting Inbred Strains 

In selecting inbi’ed strains for the 
l)urpose of making hybrid corn seed, 
good plants of one or more varieties of 
corn are .self-pollinated. Pollen is placed 
on the silk of the same plant from which 
the pollen was collected. The best of the 
resulting cars are planted, an ear to a 
row, and good plants within these rows 
again are self-pollinated, and so on for 
several genei'ations. Each year only the 
ears from the best plants from the best 
rows are selected for eontiniiing the 
various strains. 

During this breeding period all polli- 
nations are made by hand. Ear shoots 
are protected from air-borne pollen by 
means of a small bag clipped over the 
young shoot before any silks have 
emerged. Translucent material, such as 
special glassine bags, enables easy fre- 
(juent iiKsi)ection to detect emergence of 
silks. As soon as silks ap])ear a mauila 
bag is j)laced over the tassels of the same 
plant. Within twenty-four houi’s enoiigh 
fresh ])o]len will have been diseharged to 
pollinate the emerging silks. The manila 
bag is bent over and removed from the 
tassel as carefully as possible to avoid in- 
flux of air-borne pollen. The ear bud 
cover is removed only momentarily and 
the pollen from the same ])lanl is poured 
over the silks. The manila bag is then 
clipped over the ear bud promptly to 
reduce chances of influx of air-borne 
foreign pollen. Sometimes another ma- 
nila bag is clii)ped over the tassels to 
provide means for a second pollination 
twenty-four hours later, which gives 
added assurau(.*e of a full ear of kernels. 

With a continuation of selective in- 
breeding as described above there is a 
marked incj'ease from genen)ii<>^t ,to gen- 
eration in the uuifonnity of'ttie plants 
within any progeny rowj^.^fthough the 
differences from row to become more 
and more distinct. Some strains are 
discarded almost at once because of 
grossly unfavorable characters. Promis- 
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inff strains are continued and usuall\- 
breed practically true for whatever char- 
acters they possess after about a half] 
dozen {renerations of selective inbreed-1 

iiiji. 

All characters of varietal significance 
respond to selective inbreeding, charac- 
ters which tend to favor quality, yield, 
dependability under adverse circum- 
stances, resistance to or tolerance of dis- 
eases and insects. Every plant of any 
strain that has been fixed by adequate 
selective inbreeding is ])ractically like 
every other plant within the strain. 
After this it is unnecessary to self-poll i- 
iiate in propagating a strain. Under 
ade( 4 uate geographical isolation from 
other strains, natural pollination be- 
tween i)lants of a given strain is then 
essentially like self-j)ollination. 

Among thousands of inbred strains 
that have been isolated in this way none 
has been found to our knowledge whicli 
gives a yield as great as the open-polli- 
nated variety from which the inbred Avas 
derived nor as great as an Fi hybrid 
using that inbred, according to W. 11. 
Singleton of the (kninecticut Agricul- 
tural Experiment Station. Of sAveet 
coi’u inbreds develoi)ed in (Connecticut, 
their ('27 inbred approaches the parent 
oj)on-ijollinated A’ariety in yield as nearly 
as any inbred of record. Also, under 
certaiji conditions, their (’13 inbred Avill 
give a yield almost as great as (lolden 
Early Market from Avhich it was derivetl. 
The Purdue inbred gives an exception- 
ally good yield. P39 and Purdue Ban- 
tam are the inbreds which yield (lolden 
Ci'o.ss Bantam, the single cross hybrid 
SAveet corn deA eloped by Glenn M. Smith 
and AA’hieh is by far the most impor- 
tant sweet corn aA'ailable to American 
groAvers. 

H. K. Hayes, Chief of the di\'ision of 
Agronomy and Plant Genetics of the 
University of Minnesota, long famous as 
a corn researcher and director of jArac- 
tical corn breeding, is confident, hoAV- 


CA’er, that considerable progress is being 
made in develoi)ing more vigorous in- 
breds. 

With sAA'eet corn and popcorn it ap- 
pears that inbred lines more nearly ap- 
proach their crosses in yiekl than with 
field corn, although Dr. Hftyes knows of 
no inbred line that is as vigorous as a 
good hybrid combination. 

Finding Good Hybrid Combinations 

Since a seai'ch for vigorous inbreds, 
coincidental Avith hybi’id corn develop- 
ment, has not disclosed inbreds of sutii- 
cient merit in tlu'inselA’es, among tens 
of thousands obserA cd, it is jArobable that 
for many years inbreds Avill continue to 
be developed almost exclusively as the 
means toAvard good hybrid combinations. 

The brc'eder of hybrid corn must de- 
velop great lunnbers of inbreds and must 
knoAV the chai‘act(*rs he is dealing Avith 
aiid their mode of behavior in inheri- 
tance. lie must make large munbcj’s 
of crosses and test large numbers of 
hybrids to find those strains that com- 
bine bftst when used together. The in- 
bred strains jtroducing the poorer hy- 
brids are discarded. Those producing 
the best hybrids are again crossed and 
the hybriils tested more adequately. 
Eventually through continued elimina- 
tion and selection a fcAV inbred lines 
are found that combine to adA’antage. 
Finally some tAvo or three coinbinations 
that have been among the best in a given 
locality tluriug seA-eral seasons are placed 
in commercial production. 

Sometimes a paij’ of inbreds is found 
AAhieh yield, Avhen crossed, a hybrid that 
is dependable under a Avide range of con- 
ditions. Golden Cross Bantam sAA’eet 
corn, develo])ed by Glenn M. Smith, is 
a notable hybrid of this nature. 

Different Kinds of Hybrids 

Inbred strains may be combined into 
several different kinds of hybrids. Thus 
the single cross or hybrid is between two 
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with genetics and to develop a coor<li- 
nated program of corn research in the 
northeastern area that will promote the 
prodnction of corn hybrids with as wide 
usefulness as possible. 

Henry A. Wallace and Hybrid Corn 

The name of Henry A. Wallace is 
prominent in the history of Hybrid Corn. 
Wallace’s greatest contribution has been 
that of getting a large number of people 
enthusiastic about inbreeding and cross- 
ing of corn. He wrote many articles on 
the stibjeet of hybrid corn which ap- 
peared in Wallace’s Farmer. Wallace 
started the first commercial hybrid seed 
corn company in the Middle West in the 
mid-20’s. 

Development and Practical Production 
of Hybrid Corn Seed for Growers’ 
Use* 

Ordinary Reproduction in Corn 

Corn is wind-pollinated in nature. 
The pollen is scattered at random on 
receptive silks. There is hardly one 
chance in a thousand that pollen which 
falls on a receptive silk was derived 
from the tassel of the same plant. Thus 
crossing is the rule rather than the ex- 
ception. Any plant commonly sheds 
pollen from its tassels over a period of 
ten days to two weeks or more, a jieriod 
long eJiough to assure, under most con- 
ditions, an abundance of fresh pollen 
for all silks of all ear-buds as the silks 
become receptive. The pollen germi- 
nates xipon the silk, sending down a 
pollen tube through which the sperm 
reaches the egg to. effect fertilization. 
Selecting an ear from a good plant is 
selecting a good female parent only, 
since each kernel on the ear may have 
been pollinated from a different male 
parent plant. 

* In this section we are using freely as a 
reference and often quoting whole paragraphs 
directly from F. D. Kichey^s excellent Farmer's 
Bulletin 1744^ ‘‘The What and How of Hybrid 
Corn ' 


Selecting Inbred Strains 

In selecting inbred strains for the 
purpose of making hybrid corn seed, 
good plants of one or more varieties of 
corn are self-pollinated. Pollen is placed 
on the silk of the same plant from w'hich 
the pollen was collected. The best of the 
resulting eai*s are planted, an ear to a 
row, and good i^lants within these rows 
again are self-pollinated, and so on for 
several generations. Each year only the 
ears from the best plants from the best 
rows are selected for continuing the 
various strains. 

During this breeding period all polli- 
nations are made by hand. Ear shoots 
are protected from aii’-borne pollen by 
means of a small bag clipped over the 
young shoot before any silks have 
emerged. Tfanslucent material, such as 
special glassine bags, enables easy fre- 
quent in.si>ection to detect emergence of 
silks. As soon as silks appear a manila 
bag is placed over the tassels of the same 
plant. Within tAventy-four hours enough 
fresh lAollen Avill have been discharged to 
])ollinate the emerging silks. The manila 
bag is bent over and remoxed from the 
tassel as carefully as ]>o.s.sible to a\’oid in- 
flux of air-borne pollen. The ear bud 
cover is removed only momentarily and 
the pollen from the same plant is jAoured 
over the silks. The manila bag is then 
clipped over the ear buil ])romi>tly to 
reduce chances of influx of air-bonie 
foreign pollen. Sometimes another ma- 
nila bag is clipped o\’er the tassels to 
provide means for a second pollination 
twenty-four hours later, which gives 
added assurance of a full ear of kernels. 

With a continuation of selective in- 
breeding as described above there is a 
marked increase from generation to gen- 
eration in the uniformity of the plants 
within any progeny roxv, although the 
differences from row to roxv become more 
and more distinct. Some strains are 
discarded almost at once because of 
grossly unfavorable characters. Promis- 
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iij<r strains are continued and usually 
breed practically true for whatever char- 
acters they possess after about a half] 
dozen jrenerations of selective inbreed-l 
iiifr. 

All characters of varietal sipfiiificance 
respond to selective inbreeding, charac- 
ters which tend to favor quality, 3 ’ield, 
dcpendabilit.v under adverse circiiin- 
stances, resistance to or tolerance of dis- 
eases and insects. Ever.v plant of anv 
strain that has been fixed by adequate 
selective inbreeding is practically like 
everv other plant within the strain. 
After this it is unnecessary to self-polli- 
nate in jiropagatiug a strain. I’nder 
a<leqnate geographical isolation from 
other strains, natural pollination be- 
tween plants of a given strain is then 
essentially like self-pollination. 

Among thousands of inbred strains 
that have been isolated in this waj' none 
has been found to our knowledge which 
gives a yield as great as the open-polli- 
nated variety from Avhieli the inbred was 
derived nor as great as an F, h.vbrid 
using that inbred, according to W. R. 
Singleton of the Connecticut Agricul- 
tural Kx])ei'iment Station. Of sweet 
coi-n inbreds develoj)ed in Connecticut, 
their C27 inbred approaches the parent 
oj)en-j)ollinated variety in .vield as nearl\ 
as an.v inbre<l of i-econl. Also, under 
certain conditions, their C13 iidmed will 
give a yield almost as great as (iolden 
Earl.v Market from which it was derived. 
The Purdue inbred gives an exception- 
alh' good .vield. P39 and Purdue ban- 
tam are the inbreds which j’ield (iolden 
Cro.ss bantam, the single cross hybrid 
sweet corn developed b.v (llenn M. Smith 
and which is bv far the moat im])or- 
tant sweet corn av’ailable to Ameiucan 
growers. 

H. K. IIa.yes, Chief of the division of 
Agronomj’ and Plant (ienetics of the 
T^niversity of Minnesota, long famous as 
a corn researcher and director of prac- 
tical corn breeding, is confident, how- 


ever, that considerable progress is being 
made in developing more vigorous in- 
breds. 

With swei't corn and popcorn it ap- 
pears that inbred lines more nearl.v ap- 
])roach their crosses in ^deld than with 
field corn, although Dr. Hdyes knows of 
no inbred line that is as Aigorous as a 
good hj’brid combination. 

Finding Good Hybrid Combinations 

Since a search for vigorous inbreds, 
coincidental with h.vbi’id corn develop- 
ment. has not disclased inbreds of suffi- 
cient merit in themselves, among tens 
of thotisands obsei‘ved, it is ])robable that 
for main- years inbreds will continue to 
be develoi)ed almost exclusively* as the 
means toAvard good hybrid combinations. 

The breeder of hybrid corn must de- 
velop great numbers of inbreds and must 
know the characters he is dealing Avith 
and their mode of behavior in inheri- 
tance. lie must make large numbers 
of crosses and test large numbers of 
h.A'brids to fiml those strains that com- 
bine best when used together. The in- 
bred strains producing the poorer hj*- 
ludds are discarded. Those producing 
the best hyln-ids are again crossed and 
the hybrids testeil more adequateh*. 
EA’entually through continued elimina- 
tion and selection a fcAV inbred lines 
are found that combine to adA'antage. 
Finally some (aao or three combinations 
that have been among the best in a given 
l(»calit.v during scA’cral seasons are placed 
in commercial production. 

Sometimes a i)air of inbreds is found 
which yield. Avhen crossed, a h.vbrid that 
is deiAcndable under a Avide range of con- 
ditions. (Iolden Cross Bantam sAveet 
corn, dcA'cloped by Glenn M. Smith, is 
a notable hybrid of this nature. 

Different Kinds of Hybrids 

Inbred strains ma.v be combined into 
several different kinds of hj'brids. Thus 
the single ci’oss or hybrid is between two 
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inbred straim, the three-way cross in- 
volves three strains, the double cross 
four strains, and the top cross involves 
one inbred strain and one open-polli- 
nated variety. Each of these has cer- 
tain adv'antages and disadvantages or 
fits into the corn-breeding program in 
a particular way. 

The sim])lest of these hybrids is the 
single crofis, or hybrid between two 
strains. Thus, designating the female 
parent first in the customary way, B x A 
designates the single cross of strain B 
pollinated by strain A. The seed of the 
cross is that produced on the plants of 
strain B and usually will not appear 
noticeably different from self-pollinated 
seed of B. The vigor of hybvidity be- 
comes evident, however, shoi’tly after 
germination begins if the crossed seed 
is planted. 

The three-way cross is the Pi hybrid 
of a single cross between two iubretl 
strains and a third inbred strain. It is 
cu.stoiuary to use the single cross as the 
female and the third inbred strain as 
the male parent in x)r()ducing a three- 
Avay cross. Thus, (B x A) x C designates 
the hybrid from a single cross B x A 
pollinated by strain C. The crossed seed 
produced on the vigorous B x A i»lants 
is superior in quality and (juantity to 
that produced on inbred plants as in 
single crosses. 

Double crosses are hybrids between the 
Pi hybrids from tw'o single crosses, in- 
volving four different inbred strains. 
Thus, the double cross or hybrid (B x A) 
x(CxD) designates the hybrid of the 
single cross B x A pollinated by the hy- 
brid of single cross C x D. Here, both 
male and female i)lants are vigorous 
hybrids. The seed quality and produc- 
tion are high, and there is every possible 
assurance of abundant pollen from the 
male parent, which is not true wdien this 
})arent is an inbred strain. 

The cross of a commercial variety and 
an inbred strain has been variously 


designated as a top cross and inbred-sire 
cross. In limited experiments some such 
crosses have yielded more than ordinarj^ 
varieties but less than comparable double 
crosses. 

The make-up of double-cross hybrid 
seed is illustrated in Pigures 3 and 4. 
The four ears labeled B, A, (J and D 
(P’ig. 3) represent the product of the 
inbred xmrent lines. If these are self- 
pollinated they will reproduce ears like 
those shown year after year. Seed from 
ear B, however, when polliuated with 
pollen from the ])lant producing A, i)ro- 
duces the single cross BxA, shown im- 
mediately below its i)arents. Similarly 
the single cross IJ x D is i)roduced fi'om 
seed on ear C that was pollinated by 
imllen from plants producing I) ears. 
The ears on the BxA plants, (*ross-po]li- 
iiated by pollen from C x D plants, then 
provide the first-generation seed of the 
double cross (B x A) x (C a D), which is 
used in growing the ordinary corn cj'oj). 
The ears at the bottom of Pigure 3 reji- 
resent what is produced in such commer- 
cial fields. The ears i)roduced on the 
(’ x D plants grown to furnish pollen are 
used for feed or commercial corn. The 
seed from these ears may In; planted to 
produce polleii-furnishiug ])lants for an- 
other cros.siug block the next year. Such 
seed is referred to as advanced-genera- 
tio3i seed and is equal to first-generation 
seed for producing pollen parent plants, 
but these will yield on an average only 
about two-thirds as much grain as the 
first generation. 

The situation is perhaps clearer from 
Pigure 4, which shows the system of 
crossing beginning with the inbred 
plants. Plant B is pollinated W’ith 
pollen from plant A, and plant C is pol- 
linated with poUen from plant D. Seed 
from these cr6ss .pollinations produces 
the single-cross plants BxA and C x D 
shown immediately below the parents. 
Plant BxA pollinated by plant C x D 
proclnces the double-cross hybrid seed 
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Fig. 3. Method of mfitducing: double-cross hybrid seed-corn, and representative cars of the 
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FIRST YEAR 


DETASSCLED 


DETASSELED 



Fig. 4. Diagram of method of crossing inbred plants and of crossing the resulting single 
crosses to produce double-cross hybrid seed. Farmers' Bulletin No, 1744, Courtesy V, 8, Dept, 
Agr,f Bur, PI, Ind,, Soils and Ayr, Eng, 

represented in Figure 4 by a single ear. Advantages of Different Hybrids 
It is this seed that is planted to produce Any. of thrae hybrids can be used in 
commercial com. planting for commercial corn produc- 
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tion. The single cross is at a disatlvaii- 
tage because of the low yield of seed and 
its consequent high cost. Aloreover, the 
irregular size and sha])e and the gener- 
ally small kernels of present field-corn 
inbreds make the commercial utilization 
of single crosses impractical. Single 
crosses produce the most uniform plants 
and ears of any of the hybrids. They 
accordingly have special value when uni- 


tantly so. Probably the main reason for 
the production of three-way crosses com- 
mercially has been that it was easier to 
find three reasonably good inbred strains 
than four. Another advantage of the 
three-way over the four-way cross is that 
it requires fewer i.solated plots. The 
serious disadvantage of the three-way 
cross is that an inbred strain must be 
relied upon to supply pollen for the 



Fig. 5. A typical production field that will yield Hybrid Corn seed for growers’ use. Note 
the tasseled rows that provide pollen for the larger number of detasseled rows from which Hybrid- 
Corn seed will be harvested for sale to corn farmers. Photo courtesy ¥unlc Bros. Seed Company, 
Bloomington, Illinois. 


formity is most important. Thus uni- 
formity is highly desirable in sweet corn 
for canning, and, to some extent, Single 
crosses betw’een inbred strains are being 
used commercially for this purpose. In 
field corn, however, three-w'ay and 
double-cross hybrids \vill be used unless 
much better inbred strains are developed 
than are available at present. 

The three-way cross has no particular 
advantage over the double cross. It is 
slightly more uniform but not impor- 


cross. Unless an inbred that can be 
counted on for this purpose is available, 
the three-way cross is impractical. Even 
a reasonably good pollinating strain re- 
quires a somewhat larger proportion of 
male parent plants with a somewhat 
higher cost of seed production. For the 
present and for some time to come, there- 
fore, the double cross seems to be the 
most practical source for hybrid seed 
corn. 

The only value of top crosses of field 



> STAGES IN ARTIFICIAL SELF-POLLINATING OF CORN 

Fig. 4 * (Upper left). Paper bag being placed over ataminate tassels preparatory to pollina- 
tion. / 

Fig, 7 (Upper right). Paper bag fastened over staminate tassels. 

Fig. B (Lower left). Paper bag being placed over ear shoot before the silks emerge. 

Fig* 9 {Lower right). Paper bag fastened over the ear shoot. 
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STAGES IN ARTIFICIAL SELF-POLLINATING OP CORN 

Fig. 10 {Vpprr left). Paper bag removed from ear shoot one day after Fig. 9, the silks 
grown out and being cut off, the decapitated shoot to be covered by a glassine bag. 

Fig. 11 (Upper right). Silks grown out of decapitated shoot one day after Fig. 10 and 
visible through glassine bag. 

Fig. 12 (Lower left), Glassine bag removed from ear shoot one day after Fig. 10, and 
emerged silks being pollinated from bag of Fig. 0. 

Fig. 13 (Lower right). Paper bag placed over self -pollinated ear of Fig. 12. This completes 
the self pollinating operation. Photos 6-13 — Bg coyrtesg of the Conn. Agr, Exp, Sta, . 
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corn for commercial use at present ap- 
pears to be in the fact that it is easier 
to find one inbred that will combine well 
with some standard variety than to find 
three or four inbreds that will produce 
a good three-way or double cross. Ex- 
perimentally, top crosses provide an effi- 
cient means for the preliminary testing 
of inbred strains for later use in other 
hybrid combinations. 

The user of hybrids need not worry 
about whether he is getting single-cross, 
three-way cross, or double-cross hybrid 
seed, if it is of good quality (quality in- 
cluding size and shape suitable for ma- 
chine planting) and if it has a definite 
record of productivcne.ss in his commu- 
nity. The producer of hybrid seed will 
be governed largely by his individual 
facilities and the inbred strains that are 
available to him. 

Producing Hybrid Seed Corn 

Regardless of what kind of hybrid 
seed is involved, only the first genera- 
tion of the hybrids should be sold or 
used for commercial planting. Only 
from this generation, i.e., the seed that 
was actually cross-pollinated by another 
strain or hybrid, is the maximum benefit 
of hybrid vigor to be obtained. The 
second generation of any double-cross 
hybrid, that is, the seed produced by the 
first generation, maj' be expected to yield 
from about 10% to 25% less than the 
first generation, the exact decrease de- 
pending upon the ])articular hybrid. It 
is this fact that necessitates producing 
the hybrid anew for each sea.son’s use. 

Hybrid seed is i)rodueed for commer- 
cial use by growing rows of the two par- 
ents in an isolated field and detasseling 
the plants of the female parent. In gen- 
eral, a field for this purpose should be 
not less than 40 rods from other corn 
unless there are buildings, trees, or other 
barriers between, or unless the two fields 
do not tassel gt the same time. Prom two 
to four rows of the strain to become the 


female parent can be planted to every 
row of that which will be allowed to 
function as the male parent. If an in- 
bred strain is to furnish pollen, it is 
safer to plant not more than two rows of 
the female parent. If a vigorous hybrid 
is to be the male parent, four rows of 
the female parent can alternate safely 
with one row of the i)ollen parent in the 
corn belt. As the seed comes only from 
the female-parent rows, this is a good 
reason for using a vigorous male parent. 

Detasseling at Blossoming Time 

During blossoming time the field is 
gone over at regular intervals, and all 
tassels are ‘pulled from the female-parent 
plants before they shed pollen. With 
few exceptions the tassels emerge enough 
so that they can be seen befoto tiiey be- 
gin to shed. A quick upward pull at 
this time takes the tasSM^ tfieanly 
without damage to the plant. Tassels 
pulled too early are Hhely to bring with 
them i)art of t^;af the plant, with 
some damage. On the other hand, it is 
not safe to wait too long lest the tassels 
begin to shed- before they are pulled. 
Therefore, it is nece.ssary to go over the 
field practically every day until detassel- 
ing is completed. 

Material Value of Hybrid Corn 

The hybrid corn technique devi.sed in- 
cidentally at an extremely modest cost at 
a research station devoted to experi- 
mental study of evohition has made mod- 
ern corn breeding a highly specialized 
science. State and federal experiment 
stations pursue various courses in seed- 
breeding aid of the corn-growing indus- 
try. Large hybrid corn companies are, 
however, becoming more and more self- 
I’eliant with large staffs of highly trained 
specialists capable of meeting within nat- 
ural limitations the seed requirements of 
the gargantuan corn-growing industry. 

Corn hybrids are tailor-made to meet 
cultural and industrial requirements. 
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Field implements and i)roeessin}>: ])lants 
are desif?ned for most efficient planting:, 
harvestinfr, cnriiif? and {jradiiijr. Truly, 
American eorn-fjrowiiifr, with still greater 
advances in view', has already reached a 
peak of efiSciency undreamed of in the 
earlier life of many of us w'ho enjoy the 
tremendous benefits of the marvelous 
commodity Hybrid (^orn. 

The percentaf?c of total corn aereafje 
jdanted with Hybrid (lorn in the United 
tStates between 1933 and 1944 increased 
from 0.1^ in 1933 to more than 50 % 
in 1943, and the aereajre continues to 
increase yearly. By 194H some of the 
most irai)ortaut corn-<!:rowinff areas had 
increased their acrea«re of Hybrid (lorn 
to almost their entiie crop. 

Following the harvest of 1943, M. A. 
McCall of the TTnited States Department 
of Afrrieulture said in commenting upon 
the use of Hybrid ('orn seed: “Never 
until the last two years has the United 
States "fown more than 3, 000, 000, 000 
bushels of corn in each of two successive 
years, and never before on as small an 
acreafre. This is almost certain to stim- 
ulate even wider use of intensive meth- 
ods with other crops’’. 

Mr. McCall went on to say that on the 
basis of hybrid corn acrea<res and yield 
duriiifj: the preceding: six years and the 
averajre yields durinfj 1923-32 (the bust 
normal 10-year pei-iod before Hybrid 
Corn came in), it can be estimated that 
Hybrid Corn added 629,000,000 bushels 
of coi'n to our total crop in 1942, and 
669,000,000 bushels in 1943. This is 
e(juivalent to addiiip: each year almost 
one-fourth of a normal crop of corn in 
years before Hybrid Corn came into use. 

Hybrid Corn Justifies Research in 
Pure Sciences 

The tremendous success of Hybrid 
Corn in terms of practical {rains derived 
from research in pure science has served 


toward encourajrement of research in 
relat«*d and unrelated fields. Corn has 
been the object of intensive {renetic re- 
search in well-staffed and well-equipped 
laboratories whose findin{rs have ad- 
vanced {rreatly our know'ledjre of ])laat 
{renetics. 

Important pro{rress has already been 
made in achievinjr and utilizinir hybrid 
vi{ror similarly in other kinds of ])lants. 
Hybrid livestock and poultry are beinjr 
studied and some have demonsti'ated re- 
markable superiority over parent breeds. 

In callin" attention to the importance 
of ade(piate national support of scientific 
research, Ur. L. J. Stadler of the Uni- 
versity of Missouri said, in jiart, while 
testifyin*' befoi'e a sub-committee of the 
Committee of Military Affairs of the 
United States Senate on the subject of 
Science Lcfrislation : 

W(* know from the crop (estimates of the 
Fnit<*(l States Department of Agriculture '^hat 
fraction of tlie corn planted in each county was 
jilanted from hybrid seed, and we know from 
numerous and widely distributed field experi- 
ments the comparative performance of different 
strains of corn when grown side by side under 
identical conditions. In these ex}>eriments 
adapted hybrids consistently ontyield the varie- 
ties of corn formerly groun, with an average 
margin of over 25 percent. 

This is an increase in yield which costs noth- 
ing except the added cost of producing the 
special type of seed and the added cost of liar- 
vesting a larger crop. In practice the seed is 
commonly produced by specialized s(hh1 growers, 
and the jiroduction and sale of hybrid seed corn 
has now' become an industry with an annual 
turnover of aiiout $75,000,000. 

A conservative estimate of the increase in 
national corn production during the four years 
1942-45, due to the partial use of hylnid corn 
is 1,800,000,000 bushels. The money value of 
this increase on the basis of farm prices per 
bushel is more tlian $2,000,000,000. 

Jt is, therefore, no exaggeration to say, 
speaking in terms of the overall national econ- 
omy, that the dividend on our research invest- 
ment in hybrid corn, during the war years alone, 
w'as enough to })ay the money (*ost of the de- 
velopment of the atomic bomb. 



Manioc — A Tropical Staff of Life 

A plant which in one form contains deadly prussic 
acid and in other forms nourishes thousands of primi- 
tive people and furnishes tapioca to modern man. 

KOBBRT W. SCHERY 

Missouri Botanical Garden 


Importance, Preparation, Use 

Perhaps it’s a grain? No. A potato 
or bean? Certainly not. Well then, what 
other form of vegetable life may be so 
linked with man’s daily existence as to 
be termed a “staff-of-life”, to bear the 
burden of furnishing the basic food in 
the diet of many millions of men? 
Dwellers in the tropics — in the Amer- 
icas from Mexico south to Paraguay — 
many of whom would scarcely recognize 
a potato and whose only acquaintance- 
ship with important cereal grains is an 
occasional planting of maize, can tell 
you. It is manioc, the tuberous root of 
Manihot esculenfa Crantz {M. utUissinia 
Pohl.). Yes, manioc, or mandioc, or cas- 
sava, or yuca, or any of several other 
Indian- or Spanish-sounding titles, is the 
name of the most important — and fre- 
quently the only — ^primary source of .sus- 
tenance to thousands of interior-dwelling 
Shtin Americans and to their tropical 
br^Jjfcen of even more distant lands. 
Su^rising this may seem to North Amer- 
icans, for most of us have never seen 
manioc nor even become familiar with 
its game, and little detail concerning it 
has»een published north of the Spanish- 
speAing republics. Yet, unknowingly, 
most, of us have eaten it, in a specially 
prepared form, as tapioca. 

Amongst the Latin countries to our 
sbuth manioc is known in an endless selec- 
tion of varieties, many of which are poi- 
sonous to varying degree, for the manioc 
species contains a poisonous glucoside 


related to pru.ssic acid. Selection of 
“sweeter” varieties, those graced with 
less of the toxic glucoside, permits of 
more read}’’ preparation than do the 
“bitter” maniocs, although I know of 
none that is not cooked or otherwise 
made edible by man’s hand. No hard 
and fast .boundary exists between 
“sweet” and “bitter” maniocs, all 
stages of intermediacy being found. 
Quite probably growing conditions — 
soils, rainfall, elevation, and the like — 
are as important in determining the 
poisonous character of a manioc as are 
the vague hereditary factors of varietal 
differentiation, or even more so. Basi- 
cally two methods are followed to make 
palatable this essentially non-edible raw 
root. The simplest — one often used for 
sweet maniocs — consists of mere boiling 
in water as we might boil i)otatoes op 
sweet corn. Such boiling drives off or 
changes to inocuous form the small quan- 
tities of prussic acid or glueosidal poi- 
sons, just as would fermentation or ex- 
traction by mechanical means. A 
sticky, starchy, fibrous vegetable results, 
with a consistency as “heavy” as incom- 
pletely cooked macaroni. It retains its 
natural shape, much that of a very slen- 
der sweet potato. As such it is con- 
sumed, a staple item of the diet in out- 
lying areas of southern Brazil, Paraguay 
and the Andean countries northward. 

But in northern and eastern Brazil, 
as perhaps elsewhere, the second and 
more elaborate mode of treatment gives 
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a readily handled staple, sacked and roots in primitive local “mills”. A 

sold much as is our wheat flour. There horse or oxen yoked to a rotating beam 

“farinha”,’ the final ])ulverized form of contiiniously circles the hand-fashioned 

manioc, is the cheapest, omnipresent, and wooden gear, su})plying power. A series 

frequently the sole food for scores ujmn of gears or pulley-belts ultimately rotates 

scores of native peoples — peoples gen- a wooden roller at high speed. Studs of 

erally inadequately fed, to be sure, from nails, driven firmly into the roller oii 

the dietary standpoint. 1 have encoun- varioms planes, whir threateningly as an 



/ 


Fig. 1. Young plants of manioc or cassava, Manihoi cacuhntay the source of farinha 
and tapioca and used industrially in laundry and sizing starches, adhesives, simple sugars, 
syrup, alcohol, acetone and animal fodder. (Conrtesy of ihc Neic Yorh Botanical Garden,) 


tered distant interior A'illages where the 
only food to be purchased was farinha. 
This dry form, plus whatever windfalls 
in the way of wild game might befall 
the villagers, was the complete diet in 
the village at the time. 

Farinha in northeastern Brazil is made 
i>.v first rasping the tuberous manioc 

1 A Portuguese word, pronounced fah-refui- 
yah, meaning “flour.” 


outer blur to the roller. The manioc 
root is pushed against the whirring 
spikes, and is shredded to bits by the 
whirling studs, much as excelsior might 
be torn from soft woods. The mushy 
mass of shredded manioc is then carried 
to a crude press, generally consisting of 
a wooden box with plunger. The 
plunger is forced against the box by a 
lever weighted with stones, or by a 
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gigantic wooden screw, itself tightened 
through human sjiveat in lands where a 
blistering tropic midday drives all crea-t 
tures to the shelter of shade. This press- 
ing expels liquid from the mass, includ- 
ing most of any poisonous principles. 
Sometimes the shredded manioc is merely 
drained in basket-like sieves, where spe- 
cially designed presses are not to be had. 
Farinha from such drained manioc is 
just as palatable as that more conven- 
iently made after expression, for in final 
drying any poison, like water, is com- 
pletely expelled. I have not seen the 



Fig. 2. Foliage and tubers of manioc. {From 
L. E. Bailey, Cyclopedia of American Horticul- 
Uire. By permission of The Macmillan Com- 
pany, Pnblishers.) 

expressed liquids retained for fermen- 
tation — to make, strangely enough, a 
drink poisonous only as is its alcohol — 
as is the custom in regions to the 
west. ' The manioc mass is finally spread 
on fiat tins, above a wood or charcoal 
fire, where it is turned and stirred until 
dry, a process similar to that followed 
in making tapioca. The result is farinha, 
coarser than our wheat flour, resembling 
somewhat North American cornmeal. 
This is the staff-of-life in thousands of 
unnamed out-of-the-way places. 


In some localities, usually mixed In- 
dian communities near Amazon country, 
an interesting method of expelling the 
manioc juices was developed. The tuber- 
ous roots, after proper soaking and clean- 
ing, are cut or shredded by hand and 
then dumped into a gigantic cylindrical 
“Chinese finger-lock” woven from palms 
or other fibrous material. This six-foot 
tubular “finger-lock” operates the same 
as do the novelties known to many Amer- 
icans: pulling or stretching lengthwise 
alters the position of the fibers, narrow- 
ing the tube and gripping its contents 
ever more firmly. The tube with its 
manioc content is hung from a suitable 
support, and tension is applied at the 
base by simple leverage, created from a 
pole and human endeavor. The narrow- 
ing of the tube squeezes out the juices 
from the contained manioc — juices often 
collected and saved for purposes pre- 
viously hinted. Those same juices,, con- 
centrated through boiling, form West In- 
dian pepperpot, an ingredient of our 
better known meat sauces. In other lo- 
calities special grating boards have been 
devised, solely for shredding manioc. 
Story has it that white man first discov- 
ered diamonds in the Quianas in a native 
manioc grating board. 

All these manioc foods are to me 
rather tasteless, being almost exclusively^ 
of a starchy nature. In South America 
boiled manioc is usually eaten along with 
beans, rice and maize, if and as they 
are available — ^usually seldom in poor 
interior villages! Salted and in combina- 
tion with other foods it is not unpalat- 
able. Farinha is customarily eaten dry, 
except where resource permits its prepa- 
ration as a delicacy in the juices or 
grease of grilled meats, usually with an 
onion seasoning. I find it quite palat- 
able, both in the latter way, and in the 
former if some sort of sauce, gravy or 
broth is available. Eaten dry, by the 
handful — ^the common way in less afflu- 
ent families— one can not anticipate 
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much gustatory pleasure. But in a laud 
where farinha is usually available at but 
a few cents per pound, families of the 
interior, living on less than 25 cents per 
day, can afford little else. 

Botany 

Manioc is a small shrub of the Manihot 
genus, an immense genus which includes 
several rubber-producing species of sig- 
nificant economic importance. In Bra- 
zil alone, literally hundreds of species 
of Manihot are known. That most de- 
scribed species and varieties are “good” 
is doubtful. I have seen marked varia- 
bility and apparent hybridization in 
several well recognized rubber-producing 
species. Similarly, hundreds of varieties 
of edible maniocs, mostly of the Manihot 
csculenta species, have been recorded, 
from Paraguay to Colombia in Stnith 
America, from Jamaica and the West 
Indies, from Bast Africa, India, Ceylon. 
Madagascar, the Philippines, and even 
from Florida. Few of these have been 
preserved for herbaria, and little com- 
prehensive study has compared or re- 
lated varieties of one area w'ith those of 
another. Most of these A^arieties have 
undoubtedly arisen since manioc has 
been under cultivation, and many are 
only locally recognized 

A member of the spurge family, 
manioc is a relative of the spine-studded, 
stinging jatrophas, the common poin- 
settia, and the Para rubber tree — all 
producing a milky juice or late.x. 
Manioc itself much resembles its lactifer- 
ous brethren of Manihot, but is only 
slightly or scarcely milky. Its palmately 
lobed leaves are like those of its relative, 
the castor bean, dnd are quite A'ariable. 
Its flowers, typical of the Euphorbiaceae, 
may be deflcient in either male or female 
elements. It seems to be quite tolerant 
of soil types, is able to endure nearly 
complete neglect, and thrives relatively 
free from disease or insect pests. 

Among all the Euphorbiaceae, only 


Manihot escutenta, along with one or 
two other species, produces the tuberous 
roots Avhich make it important the world 
over. These roots vary from variety to 
A’ariety, from place to place and from 
time to time. Young roots harvested 
about six months from planting are re- 
ported to contain up to- 6% sucrose ais 
Avell as the normally high percentage of 
starch. Older roots, up to about 18 
months from planting, give optimum 
yields and abundant starch. Such roots 
freciuently consist of 30% or more starch 
by Aveight. Very old roots become more 
or less lignified and unsuitable for or- 
dinai’y food or commercial purposes. In 
all roots the epidermal and cortical 
regions seem to contain most of the poi- 
sonous glucosidal or prussic acid prin- 
ciples. The pithy center, relatively free 
of these poLsonous elements, contains 
most of the starch. Thus in preparation 
of commercial stax’ch, peeling or ferment- 
ing off the outer layers, as is commonly 
(lone, little diminishes the yield of starch 
and at the same time permits a purer 
dii't-free commercial pi’oduct. 

Cultivation 

Manioc is typically propagated by 
stem cuttings, a process the simplicity 
and ease of AA'hich appeal to the not 
overly ambitious tropical peoples, whose 
agricultural AA'ork must be done by sweat 
of the broAV during tedious hours in the 
field. IMoreoA'er, stock for cuttings 
always grows available, and no planting 
rush need disturb the tropical tranquil- 
ity; what isn’t planted today. . . . Plant- 
ing methods in the interior are those of 
generations past. In northeastern Bra- 
zil forest is burned during the dry sea- 
son, and then before the life-giving rains 
come, sections of manioc stem are 
planted in the burnt-OA’er area. Crude 
cultiA’atiou with heaA^y iron hoes may 
follow as needed, or sometimes the 
manioc may be left to fare for itself. 
In as little as six months under good 



24 


ECONOMIC BOTANY 


{frowiiig conditions a harvest may be 
obtainable. Plants with their roots are 
torn or dug from the ground. Roots 
destined for the farinha mill are cleaned 
and peeled prior to being shredded. 
Others may be stored in piles, or even 
left in the ground until needed. One 
of the great assets of manioc as a food 
and commercial plant is its remarkable 
keeping quality. And yields may be as 
high as 20 tons to the acre, while plants 
may be grown as close as a yard apart 
(10,000 to the hectare). 

Native to the Americas, possibly origi- 
nating in Brazil, manioc is unknown in 
the undomestieated state. Its ancestral 
form, from which it was first cultivated 
by primitive man in some ancient by- 
gone era, is not known. Yet modern 
man, in the form of the sixteenth-century 
Portuguese explorer, finding manioc cul- 
tivated by Brazilian Indians, realized its 
worth and soon carried it to tropical 
Africa. Thereafter manioc spread 
throughout the world tropics, especially 
by the hand of British and Dutch colon- 
izers, to become a food of primary im- 
portance in all tropical lands meeting 
its rather exacting temperature require- 
ments. And today, perhaps, both Africa 
and the Dutch East Indies surpass South 
America in production of this food-gift 
from the Western World, an original 
gift supplemented l^^bsequent intro- 
ductions of newer^^P^ties. 

ModernJHjustrial Uses 

Manioc is ofi^^rtance not alone for 
its value as l^^Aod, but also as a tropi- 
cal exporJ^lSr in Europe and North 
Americ^j^Vmese latter continents it is 
sought J^Meparing food, and laundry 
and siwlp^i’cbes ; for making glue and 
postoHri^pimp adhesives; as a source of 
sinndbkigars, syrup, alcohol and ace- 
animal fodder ; and for human 
d|Punption as tapioca or products of 
JKioo flour. 

yin preparing industrial starches, the 


chief nou-mitritional use for manioc, 
the “tubers” are treated in the early 
stages much as in the making of farinha. 
By various means the thoroughly cleaned 
and washed roots are shredded or 
crushed, during which operation indi- 
vidual cells are broken apart. Only by 
such breaking of the cells can the minute 
starch grains contained within escape. 
After straining fibrous material from the 
crushed mass, the remainder is streamed 
in water to appropriate settling basins. 
Settling usually serves to separate the 
starch grains from the watery medium, 
after which the supernatant licpior is 
decanted off. The starch sediment is 
then dried, following additional wash- 
ings if needed. Manioc starch has been 
reported highly desirable for sizing cot- 
ton thread prior to weaving, being more 
pliable and infiltrating the thread better 
than does corn starch. 

Stirring or shaking manioc starch on 
a heated plate at «<intwJ}led temperature 
until the star^ and masses into 

pellets of the proper size, produces the 
coim|K!% tapioca of commerce. The 
partially converted to sugar 
dittittg the process, as well as rendered 
somewhat gelatinous. Starch for various 
other food purposes is often knowm in 
the trade as “arrowroot”, and is said to 
be especially digestible. Mention has 
already been made of “pepper-pot” 
meat sauces, prepared from boiling down 
expressed manioc juices from which 
starch has been removed, and to which 
are added flavorings and pepper. Any 
poisonous elements originally contained 
are rendered innocuous by repeated boil- 
ings. Boiling down juices from particu- 
larly sugary varieties produces a mo- 
lasses-like substance, said to be highly 
esteemed in Paraguay. 

Manioc may also serve as a source of 
alcohol, primitively produced among 
aborigines by allowing the expressed 
juioes to ferment. Some of the most 
colorful tribal customs involve drink- 
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iug alcoholic beverages produced from 
manioc, the juice of which is frequently 
obtained by mastication and expectora- 
tion. More modern methods of hydro- 
lizingr starches of the starch-rich manioc 
root to sujyars for subsequent fermenta- 
tion would prodifce more (*ertain indus- 
trial results and complementary higher 
yields of alcohol. 

]?HAV manioc roots, or manioc wastes 
after expression or starch removal, are 
usable as cattle feed. Given alone, such 
feed leads to dietary unbalance in the 
animals, lackinpf, as it does, needed pro- 
tein elementiS. But being low in protein, 


manioc is thought by many to drain the 
soil leiss severely of nitrogemous mate- 
rials than do many other ci*ops used for 
cattle feeding. Grown in conjunction 
Avith proper leguminous forage, dietary 
balance for cattle should be attained, 
while the soil could likewise be expected 
to benefit from growth of the legume. 

Thus this starch-rich food-for-millions 
(manioc produces more iitilizable starch 
per acre than anj" other known crop), a 
true ‘‘staff-of-life’^ amongst many ill- 
nouritshed tropical populations, also helps 
in its minor way to nourish the economy 
of tem])erate latitudes. 


Utilization Abstracts 


More Antibiotics, Recent investigations 
indicate that wild American ginger, formerl}^ 
grown for its cathartic and emetic qiialiticji, 
])os^esses two antibiotics, one of which is 
moi'c active than the other and effective 
“against ])us-fortning gram-positive bacteria 
such as sta])hyk»cocciis, streptococcus and 
])neumococcns, but has no effect on germs in 
the intestines”. Burdoek and garlic also seem 
to have promise as medicinals, and in 1921 
Japanese .scienti.sts isolated a substance, pro- 
tonanemonin, fi’om buttercups, “which was 
found to be a potent antibiotic, but too toxic 
for human use”. {Avnu.^ Chemurgie JDigest 

Oil of Rue. A little-u.sed though never- 
theless commercially produced vegetable oil 
is that of the genus Small quantities 

are employed in flavoring materials and in 
certain types of perfumes and soap scents. 
The oil is obtained by distillation from sev- 
eral wild species in Spain, North Africa 
(mainly Algeria), Sicily, Sardinia and 
Prance (mainly Provence), The principal 
producing regions are the Provinces Bada jos, 
Cadiz, Seville, Cordoba and Huelva in Spain. 
Wild plants are collected in July and Augu.st 
during the blooming period and distilled in 
field stills without previous drying. The 
pollen of the plants causes skin blisters on 


susceptible workers. During recent years 
Spain })roduced from two to lw(dve tons of 
rue oil annually. {E, Guenth(n\ Am, Perf, d' 
Ess, Oil R(V,f Mag, 19i6)» 

Vegetable Oil Exports from Brazil. 

Vegetable oil exports from Brazil in 1945 
amounted to 43,264 tons as compared with 
34,668 tons in 1944, suri)assod only by the 
figures of 1941. More than 90^^ of the oils 
came to the United States, consisting of cot- 
ton.seed oil, oiticica oil, castor oil, coconut oil, 
babassu oil and others of less importance. 
(Anon,, Brazilian Bulletin, Brazilian Gov't 
Trade Bar, d(():>): 1, J9W), 

Mulberry Trees in Brazil. The silk in- 
dustry in the State of Sao Paulo, Brazil, 
has increased the planting of mulberry trees, 
used for raising the silk-worms, from 15 mil- 
lion in 1941 to more than 250 million in 1946. 
(Anon,, Brazilian Bulletin, Brazilian Gov't 
Trade Bar, d{(i:2): o, 1946), 

Barley. “Classification of barley varieties 
gi’own in the United States and Canada in 
1945” is the title of Technical Bulletin No. 
907 of the U. S. Dept, of Agr., issued in May, 
1946. It contains 190 pages, 93 figures, and 
deals with the morphology and taxonomy of 
140 varieties of barley. (E, Ah^rg and G, A, 
Wiehe). 



The Cork-Oak Tree in California 

WOODBRIDGB METCALF 

Extenirion Forester, University of California 

There are SflOO trees in various parts of the State, 
planted at various times, and recent experimental 
strippings of the largest have yielded 600 to 1,000 
pounds of high quality cork per tree. Does this pres- 
age an American cork industry? 


Historical 

The ebrk oak tree, Quercus Suber L. is 
native in the vicinity of the Mediter- 
ranean Sea where it is a prominent fea- 
ture of the vegetation in about five mil- 
lion acres of natural forest situated in 
Portugal, Spain, Italy, North Africa, 
Greece and the Mediterranean islands. 
Like the other evergreen oaks, it is quite 
variable in leaf, flower and acorn char- 
acteristics, and some authorities have 
separated out one variety known as Q. 
occidentalis, for which the identifying 
characteristics are too obscure for exact 
determination under American condi- 
tions. Holm oak, Q. Ilex L., is usually 
associated with cork oak throughput these 
natural forest stands, both trees having 
sturdy trunks, heavy spreading branches 
and broadly rounded crowns of dense, 
holly-like foliage, similar to that of the 
coast live oak, Q. agfifolia Nbe, and high- 
land live oak, Q. WisUzenii DC., of Cali- 
fornia foothills.^ 

The outer Jj&rk of cork oak, known ' 
commercially*as “Corkwood,” has been 
harvested from thpse Mediterranean for- 
ests for many years without injury to the 
trees can be stripped at about ten- 
year i^fcqrvals until Well over one hun- 
dred years old. The highest grade corks 
for wine bottle stoppers are made from 
thh0 to sixth stripping sheets of cork 
from trees 50 to 80 years old, as this cork 
hks the minimum volume of lenticellular 
pore spaces in it and is, therefore, of 


very uniform quality. During the past 
quarter century cork has gradually in- 
creased in industrial importance because 
of its qualities of lightness, resilience 
under pressure, imperviousness to liq- 
uids and gases, even in composition form, 
and its x’emarkable resistance to the pass- 
age of heat* which has given it a position 
of primary importance in the insulation 
field. 

• These with many military and naval 
u.ses have resulted in steadily increased 
demands for cork until the world output 
is now said to be in excess of three hun- 
dred thousand tons per year, of which 
between 50% and 60% is used in the 
United States. This demand is now at 
the rate of one ton for each 17 acres of 
natural cork oak forest and may be ap- 
proaching the maximum possible eon- 
tinuoxxs output from these stands. This 
is based on a conservative estimate of an 
annual yield of 200 pounds of cork per 
acre of well managed cork forest on good 
soil in the better parts of its natural 
range. It is thus evident that the United 
States is using the entire output of cork 
from to 2 million acres of forest, all of 
which is across a wide ocean from our 
shores. During World War II cork was 
a material of critical military impor- 
tance, and the supply had to be care- 
fully rationed. Thus an emergency sup- 
ply of this material on trees growing 
within the limits of this continent may 
be of very great importance in a future 
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emergency. The cooperative cork oak 
program which has been under way in 
California since 1940, has in view the 
creation of such an emergency supply. 

The University of California, Cali- 
fornia State Division of Forestry, Cali- 
fornia Forest and Range Experiment 
Station, and the Western Crown Cork 
and Seal Corporation have jointly spon- 
sored this project and proceeded along 
the following lines : 

1. Listing of all cork oak tree.s and 
plantations in California as a basis for 
collection of suflScient acorns to carry on 
the growing of trees and the determina- 
tion of the quality of cork produced by 
Califoniia trees. 

2. Collection of acorns for propagation 
and free distribution of from 20,000 to 
30,000 cork oak trees per year ; with tests 
for .storage, germination, nursery and 
planting technique to give the best re- 
sults ; and shipment of acorns as required 
to start the program in other states. 

3. Stripping of sufiRcient trees of vari- 
ous sizes throughout the state to deter- 
mine amount and quality of California 
grown cork, feasible stripping dates and 
tools and methods of carrying on the 
work with minimum damage to the trees, 
many of which were privately owned and 
prized as ornamentals. 

4. Determination of geographical and 
altitudinal limits within which the cork 
oak may be successfully grown with 
moderate attention and irrigation. 

5. Observations on insects and diseases 
affecting cork oaks in California. 

6. Genetic studies on different races of 
cork oak and selection of the more desir- 
able strains for high production and 
good quality. Tests of possibility of 
hybridizing Q. Suber wdth Q. variahilis 
Blume and perhaps other species of oaks. 

7. Check on the possibility of growing 
Amur Velvet, Phellodendron anuirense 
Rupr., Formosa cork, Quercus variabilis, 
and any other cork-producing trees in 
this region. 


After six j'ears of work we can now 
report satisfactory' progress along most 
of the lines indicated above. 

Records of Cork Trees Growing in 
California 

Some preliminary studies of cork oaks 
growing in California were made by the 
writer in 1929 and recorded in a publica- 
tion issued that year at the request of the 
Sacramento Region Citizen’s Council.^ 
With this as a beginning and with the 
assistance of a number of interested 
agencies and individuals, it has been pos- 
sible to record the location and size of 
approximately' 5,000 cork oak trees of 
moderate to large size which are growing 
in some 30 California counties. About 
2,000 of these ai'e in Los Angeles County, 
and special thanks are due to Mr. Averill 
Barton of the Los Angeles Count.v Fores- 
try’ Department for the very complete 
record he ’comj>iled of all such trees 
growing in county territory during 1941. 
With this and similar records which are 
being kept in a card file, it has been pos- 
sible to contact owners of trees to ar- 
range for collection of acorns and test 
stripping of cork where they’ did not 
object to having this done. 

An intere.sting feature of these records 
of early plantings is the fact that no 
trees were found to have been planted 
(luring the Spanish period. Many of the 
oldest trees apparently’ go back to the 
shipment of acorns brought in to San 
Francisco by the Patent OflSce in 1858, 
though there is a possibility’ that the 
large trees on the J. T. Kiser Ranch, 
.south of the town of Sonoma, may’ have 
been planted three or four years earlier. 
It seems jirobable that the Spaniards 
attempted to bring in the cork oak along 
with the olive, grape and other things 
they’ started here; but from what we now 

1 ‘ ‘ Cork Oak — A Forest Tree With Possibili- 
ties for California ’ \ Reprint from October 
1929 Bulletin of the State Department of Agri- 
culture. Reprint from State Printing Office, 
Sacramento, 1929, by Woodbridge Metcalf. 
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know of tho storage requirements of cork 
oak acorns, these apparently died during 
the long, slow voyage necessary in the 
period prior to 1850. When transporta- 
tion was speeded up with the introduc- 
tion of clipper ships more of the acorns 
came through in viable condition. It 
seems fairly certain that the Kiser Ranch 
trees, which are now between 45 and 50 
inches in diameter, were planted in the 
50 ’s, and that the three fine, tall cork 


ditions at 2,700 feet elevation but is said 
never to have produced a crop of acorns. 
It is locally reported that A. G. Read, 
storekeeper at Todd’s valley for many 
years, got cork oak acorns from Prance 
in 1870 and that the tree grew from one 
of these. It was 39 inches d.b.h., 50 feet 
tall and 70 feet across the crown in 1942, 
and i)roduced cork of good, firm quality. 
It is growing at a higher elevation than 
any other tree in California. There are 



Fig. 1. One of the four large cork oak trees on the Kiser Banch, Sonoma County. Diame- 
ter breast high: 50.2 inches; yield of cork when stripped to a height of 14 feet in 1942: 650 
pounds. 


oaks at Tuttletown, Tuolumne County, 
grew from the above shipment of acorns, 
as they are reported to have been planted 
in 1858. The tree at Clarke’s Nursery, 
Santa Clara County, may have been 
from this same lot of acorns but is much 
smaller than the other trees. Some trees 
evidently go back to the 60 ’s and 70 ’s, 
and the tree at the old mining town of 
Todd’s Valley near Forest Hill, Placer 
County, may be one of these. It has 
made good growth under natural eon- 


well developed trees of cork growing 
along the coast from San Diego County 
(Balboa Park) to the most northerly tree 
which is old but quite misshapen and 
grows on a moist fiat near Rhonerville, 
Humboldt County. It has never pro- 
duced a crop of acorns. In the interior 
valleys there are good specimens from 
Riverside County on the south to Butte 
County on the north. 

There are a number of fine cork oak 
trees in Santa Barbara, the largest of 
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which is reported to have been planted 
from an acorn brought to Santa Barbara 
by a man named Hinchman in 1857 and 
planted by Captain H. G. Trussell at 412 
West Monteeito Street. An article in 
the “News Press” stated that in 1875 
tins tree measured nine inches in diam- 
eter. This tree stood on an irrigated 
lawn, and in 1942 when over 80 years old 
it was 33 inches in diameter, thin in the 
crown and evidently suffering from some 
root trouble which apparently caused its 
death during 1945. A tree of similar 
size and age, but more vigorous and with 
thicker cork, is growing on the Sexton 
property in Goleta. It measured 29.17 
inches d.b.h. in September, 1942. 

The largest cork oak tree in California 
is growing near the main building of 
Napa State Hospital at Imola, Napa 
County. It is reported to have been 
])lanted in 1871, and at 73 years of age 
liad a diameter of 58.2 inches, a height of 
75 feet and a crown spread of abovit 100 
f»*et. It grows on an irrigated lawn and 
ill recent years has produced sevei*al 
large crops of acorns. 

During the 80’s there was evidently an 
increase in cork oak plantings, as a num- 
bei- of nurseries had seedlings for .sale. 
By this time acorns grown in California 
Avere evidently produced in moderate 
quantity, but not many records of plant- 
ing are available. The annual reports 
of the Agricultural Experiment Station 
of the University of California state that 
between 1886 and 1891 a total of 803 cork 
oak seedlings were distributed to land 
owners throughout the state. No record 
of the results of these plantings is avail- 
able, but it is jirobable that several of the 
fine trees on farms in the Sacramento 
and San Joaquin Valleys resulted from 
these plantings. The well develope<l 
trees at the McGill (Doak) Ranch near 
Oakville, Napa County, were set out on a 
rocky, rolling hillside from acorns which 
the owner, John Benson, is reported to 
have sent home from Spain. The fine 


trees at the R. E. Fields place near 
Bi"gs. Butte County, are reported to 
have been planted by John Rock, Presi- 
dent of the California Nursery Com- 
pany, about 1889. 

After the IT. S. Forest Service was 
established in 1905, considerable quan- 
tities of cork oak acorns were imported 
and planted on the three southern forests 
by the seed spf)t method. The acorns 
were evidently too old and dry, for ger- 
mination was very low. The few which 
did grow are reported to have died from 
drought or were destroyed by gophers. 
The outstanding plantation of this 
period was set out by the University of 
California in 1904 at the Chico Forestry 
Station in Butte County. It occupies 
alM)ut two acres of gravelly soil of rather 
poor quality, the spacing was six by six 
feet and the trees were cultivated for two 
or three years after planting, but it is 
believed that they were not irrigated. 
No thinning was done until after 1940, 
but undoubtedly gophers took out many 
of the trees during the first decade; thus 
the trees made slow growth because of 
severe competition. When 21 years of 
age this plantation showed 383 trees per 
acre ; the average diameter was 5.5 inches 
breast high and the average height 24 
feet. The largest tree Avas 14.6 inches 
d.b.h. and 39 feet tall. When stripping 
experiments were started in this grove 
in 1940. the trees Avere 36 years old, and 
166 of them were eight inches or over in 
diameter breast high, averaging 11 
inches d.b.h. The largest trees are at the 
north end of the grove where the soil is 
•somewhat better and there is ]Arobably 
some subirrigation from Chico Creek. 
This area, noAv Avithin BidAvell Park, is 
the natural site for A'alley oak, Qiicvcus 
lobata Nee. and many fine specimen trees 
are in the vicinity of the cork oak grove. 
Several rows of seed spots, using acorns 
from the Maher cork oak at Cainpo Seco, 
were set out on the northeast side of this 
grove in 1917, followed by cultivation 
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know of tho storage requirements of cork 
oak acorns, these apparently died during 
the long, slow voyage necessary in the, 
period prior to 1850. When transporta- 
tion was speeded up with the introduc- 
tion of clipper ships more of the acorns 
came through in viable condition. It 
seems fairly certain that the Kiser Ranch 
trees, which are now between 45 and 50 
inches in diameter, were planted in the 
50’s, and that the three fine, tall cork 


ditions at 2,700 feet elevation but is said 
never to have produced a crop of acorns. 
It is locally reported that A. G. Read, 
.storekeeper at Todd’s valley for many 
years, got cork oak acorns from France 
in 1870 and that the tree grew from one 
of the.se. It was 39 inches d.b.h., 50 feet 
tall and 70 feet across the crown in 1942, 
and produced cork of good, firm quality. 
It is growing at a higher elevation than 
any other tree in California. There are 



Fig. 1. Quo of the four larfje cork oak trees on the Kiser Eanch, Sonoma County. Diame- 
ter breast high: 50.2 inches; yield of cork when stripped to a height of H feet in 1942: 650 
pounds. 


oaks at Tuttletown, Tuolumne County, 
grew from the above shipment of acorns, 
as they are reported to have been planted 
in 1858. The tree at Clarke’s Nursery, 
Santa Clara County, may have been 
from this same lot of acorns but is much 
smaller than the other trees. Some trees 
evidently go back to the 60 ’s and 70 ’s, 
and the tree at the old mining town of 
Todd’s Valley near Forest Hill, Placer 
County, may be one of these. It has 
made good growth under natural con- 


well developed trees of cork growing 
along the coast from San Diego County 
(Balboa Park) to the most northerly tree 
which is old but quite misshapen and 
grows on a moist flat near Rhonerville, 
Humboldt County. It has never pro- 
duced a crop of acorns. In the interior 
valleys there are good specimens from 
Riverside County on the south to Butte 
Cqunty on the north. 

There are a number of fine cork oak 
trees in Santa Barbara, the largest of 
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which is reported to have been planted 
from an acorn bronprht to Santa Barbara 
by a man named Hiuchman in 1857 and 
])ianted by Captain H, G. Trussell at 412 
West Moiiteeito Street. An article in 
the “News Press” stated that in 1875 
this tree measured nine inches in diam- 
eter. This tree stood on an irrifrated 
lawn, and in 1942 when over 80 years old 
it was 33 inches in diameter, thin in the 
crown and evidently suffering from some 
root trouble which apiiarently eau^d its 
death during 1945. A tree of simillte 
size and age, but more vigorous and with 
thicker cork, is growing on the Sexton 
])roperty in Goleta. It measured 29.17 
inches d.b.h. in September, 1942. 

The largest cork oak tree in California 
is growing near the main building of 
Napa State Hospital at Imola, Napa 
County. It is reported to have been 
lilanted in 1871, and at 73 years of age 
Imd a diameter of 58.2 inches, a height of 
75 feet and a crown spread of about 100 
feet. It grows on an irrigated lawn and 
in recent yeai’s has produced several 
large crops of acorns. 

During the 80’s there was evidently im 
increase in cork oak j)lantings, as a num- 
ber of nurseries had seedlings for sale. 
By this time acorns grown in Calitornia 
Avcre evidently ])roduciMl in moderate 
(piantity, but not many records of plant- 
ing are available. The anniial reports 
of the Agricultural Experiment ||itation 
of the University of California sta|^ that 
between 1886 and 1891 a total of 8w cork 
oak seedlings were distributed to land 
owners throughout the state. tNo record 
of the results of these plantings ia avail- 
able, but it is probable that several of the 
fine trees on farms in the Sacramento 
and San Joaquin Valleys resulted from 
these plantings. The well dev^eloped 
ti'ees at the McGill (Doak) l^neh near 
Oakville, Napa County, were sfet on a 
I’ocky, rolling hillside from acorns which 
the owner, John Benson, is reported to 
have sent home from Spain. The fine 


trees at the R. E. Fields place near 
Biggs, Butte County, are reported to 
have been planted by John Rock, Presi- 
dent of the California Nursery Com- 
pany, about 1889. 

After the IT. S Forest Service was 
established in 1905, considerable quan- 
tities of cork oak acorns were imported 
and planted on the three southern forests 
by the seed spot method. The acoims 
were evidently too old and dry, for ger- 
mination was very low. The few which 
did grow are reported to have died from 
drought or were destroyed by gophers. 
The outstanding idantation of this 
period was set out by the University of 
California in 1904 at the Chico Forestry 
Station in Butte County. It occupies 
abfuit two acres of gravellv soil of rather 
poor quality, the spacing was six by six 
feet and the trees M'ere cultivated for two 
ox: three years after planting, but it is 
b^I^ved that they were not irrigated. 
No thinning was done until after 1940. 
but iW|(ioubtedly gophers took out many 
of the trees cluriQg the first decade ; thus 
the ^r^ made sron growth because of 
severh Competition. When 21 years of 
age this plantation showed 383 trees per 
acre ; the average diameter was 5.5 inches 
breast high and the avcTage height 24 
feet. The largest tree was 14.6 inches 
d.b.h. and 39 feet tall. When stripping 
exiieriments were .started in this grove 
in 1940, the trees were 36 years old. and 
166 of them were eight inches or over in 
diameter breast high, averaging 11 
inches d.b.h. The largest trees are at the 
north end of the grove wdiere the soil is 
somewhat better and there is probably 
some siibirrigation from Chico Creek. 
This area, now within Bidwell Park, is 
the natural site for A'alley oak, Quercust 
lobata Nee, and many fine specimen trees 
are in the vicinity of the cork oak grove. 
Several rows of seed spots, using acorns 
from the Maher cork oak at Campo Seco, 
were set out on the northeast side of this 
grove in 1917, followeil by cultivation 
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but no irrigation. In spite of some dam- ture, they averaged 20 inches d.b.h. and 

age by gophers this seeding was quite 35 to 40 feet in height when 26 years old. 

successful, and a number of the resulting Other plantings of these years have 

trees were large enough to be stripped of grown more slowly when on poorer soil 

cork in 1943 and 1944. The largest had or under drier conditions, and some of 

diameters of eight to ten inches at 26 them show quite severe infestation by the 

years of age. gall wasp insect. The fine planting of 

During the years from about 1910 to trees along the State Highway east of 
1915 the Los Angeles County Forestry Davis, Yolo County, was set out about this 





Fig. 2. Using the convex saw to make the Vertical cut through the 58-inch cork oak at Napa 
State Hospital, July 27, 1943. Yield of cork when stripped to a height of 17 feet: 1,050 pounds. 
The tree is forming a good growth of new cork since the stripping. 

Department grew a considerable number .same time and the trees have made simi- 
of cork oaks each year and planted them larly rapid and satisfactory growth with 
along several county highways. The fine irrigated crops in adjacent fields and 
trees along Devonshire Boulevard in the their roots in good Yolo sandy loam soil. 
San Fernando Valley were set out in Other fine rows of cork oaks along streets 
1915 and have developed into large and and highways in Riverside, Fresno, 
beautiful trees. With plenty of room to Kern, Sacramento and Placer counties 
develop and with irrigated crops in ad- show-that the cork oak grows into a beau- 
jacent fields supplying them some mois- tiful and satisfactory highway tree, par- 
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ticularly where it receives some water 
from adjacent irrigated crops. It must, 
however, be pruned at intervals during 
the first 20 years in order to induce de- 
velopment of a clean straight trunk to a 
height of 10 to 12 feet. 

From about 1890 on, it appears that 
commercial nurseries in California grew 
and sold cork oak trees in considerable 
quantities. They are listed in many 
catalogs, and Mr. Theodore Payne of Los 
Angeles promoted their planting for a 
number of years, particularly in 1916 
when his catalog carried a fine illustra- 
tion and description of a cork oak on the 
back cover. During these years also Mr. 
Emery Smith of San Francisco was a 
consistent advocate of cork oak planting 
in California. He included a display of 
cork stripped from trees at the James 
Lick property at Agnew among the ex- 
hibits of California priKlucts at the Chi- 
cago World’s Fair, and though his main 
interest was along engineering lijies, he 
never ceased to enthusiastically promote 
the planting of these trees. 

The State Division of Forestry Nur- 
.sery at Davis has long been a factor in 
the growing and planting of cork oaks, 
particularly on school grounds, along 
highways and on the grounds of .state 
and county institutions. The records 
from 1930 to 1940 show a distribution of 
74 lots of cork oaks in gallon cans during 
this period — a total of 2,864 trets before 
the start of the cooperative project in 
1940. 

Collection, Storage and Shipment of 
Acorns 

Beginning with the crop of 1940 an 
effort has been made to secure a large 
volume of acorns each year for the grow- 
ing of between 20,000 and 30,000 trees 
annually in California and to comply 
with requests from southern and south- 
western states in order that they might 
propagate and distribute cork oaks for 
trial planting within their borders. By 


setting a price of ten cents per pound, 
and by urging 4-H Clubs and interested 
individuals to cooperate in gathering the 
crop while in good condition, the amount 
available has increased from less than 

1.000 pounds in 1940 to approximately 

16.000 pounds in 1945. Last year we had 
requests totalling 20,000 pounds for the 
crop of 1946. It seems fairly certain 
that with new trees continually reaching 
acorn-bearing age — about 20 years — suf- 
ficient acorns should be available in Cali- 
fornia to supply all reasonable demands 
for planting stock within the United 
States. It has been determined that 
fresh acorns of cork oak will average 70 
to the pound and that a germinative per 
cent of about 90 is a normal figure. Thus 
with a very liberal allowance for losses 
in transplanting and handling it is pos- 
sible to obtain at least 100,000 seedlings 
per ton of acorns. 

It • , possible to find a few flowers on 
coi-k oak trees during any mpnth in the 
year, but the main blooming period in 
California is from about April first to the 
middle of May. The acorns apparently 
require .iix or seven Inonths to ripen, and 
fall from the trees in largest volume 
from about November 15 to the end of 
December. The flowers are evidently 
.self-j)ollinated in many cases, as trees in 
isolated places often produce good crops 
of acorns. However, the largest amounts 
of acorns have been consistently obtained 
from the {Jantation at Chico and from 
street and highway trees in Fresno and 
Los Angeles counties. It is believed that 
wind movement induced by pas.sing auto- 
mobile traffic may be a factor in good 
pollination and set of acorns on trees 
adjacent to highways. A great many 
trees apparently drop most of their 
acorns when these are very small, and 
some trees may be self-sterile, as they are 
said never to have produced any good 
acorns. However, birds and squirrels 
must be considered in this matter, as in 
the grove of fine trees at Kearney Park, 
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Fia. 3. Eemoving- a ring of cork from a cork oak in Southsido Park, Sacramento. Diameter 
breast high; before stripping, 26.7 inches; after stripping, 24.7 inches; length stripped; 8.5 feet; 
yield of cork in two cylinders; 78 pounds. The tree is said to have been planted almut 1911 
but seems to be about 40 years old. ’ 

tresno County, where the pea fowl seem « In order to retain tlieir germinative 
to consume all the acorns before they capacity cork oak acorns must not be 
can ripen. allowed to dry out. They usually fail to 
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Fig. 4. The heavy peavy bar shod with metal is the most useful tool iii 8tripi)iiiK old trees 
with heavy bark. UsiuR this it was possible to reimive strips up to 10 feet long from the big tree 
at Napa State Hospital, July 27, 1041!. 


jjermiuate if kept for a week or ten days ri"ht for several weeks if eolleetetl soou 
in a heated buildiup at ordinary room after they faU an^ iw saeks out of 

temperatures. However, they keep all doors in the shj||^, |ttiflfticularly if the 
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sprinkled with water oeeasion- 
a|p|f. 1£ ton however, the layer 
teoi^ nfikt to the ground germinates, 
add r^to break off when the sack is 
mov^. I^a<^ of freely collected acorns 
have bet^ shipped across the coimtry by 
trvdk and 1^ railway express with little 
loss^ vitality, but if too long delayed or 
exposed to heat, they either germinate 
or fermmit in transit. In either case 
there will be considerable loss. Dr. N. 
Mirov of the California Forest and 
Bange Bxperiment Station has been con- 
ducting storage experiments with these 
acorns since 1941 and has determined 
t^ when placed in moist sawdust in 
t%hi^ containers at 38 degrees F. they 
will retain a high degree of viability for 
pmiods up to ^ months and produce 
vigofous and rapi^y growing seedlings. 
Thus it will be possible in the future to 
hold acorns from a good crop for grow- 
ing the following year in ease of a crop 
faHunj or they can be shipped under 
such refrigeration in excdlent. condition 
to any part of the world. In mc^ eases, 
however, if handled expeditioiidy and 
kept out of doors, such refrigeration will 
not be necessary, except for long ocean 
diipmoits. 


rudents, 


liursery Practice in Growing Cork Oak 

It might seem that the ideal method of 
growing cork oaks would be to plant 
a^rns directly in plaee and protect and 
care jfor the ttyes until they are estab- 
lidiea. But ih/praetice the losses frmn 
ipeting vegetation and 
been so severe that direct 
rardy been successful. A 
seed^ii^ can be found 
in sc^e^ favorable spots, 
a^ generally ^ good soil, with 
aatyiil than nsnal m^ure available, and 
shade, fho last is apparently a 
r importont feq[Uirement, so that a 
: ^Available fw success- 

»t»>n. laie main 
to produce tijrtiBfay 




seedling in a container which is not too 
heavy yet which is large enough to per- 
mit development of a root system which 
is not too severely deformed or restricted. 

The number ten or one-gallon tin can 
with hdes punched in the bottom has 
been the container used in propagating 
some 200,000 cork oak seedlings at the 
State Nursery. Twelve-inch tar paper 
pots with a two and one-half- to three- 
inch diameter have been used by the Soil 
Conservation Service nurseries and the 
Institute of Forest Genetics. No sur- 
vival figures are available, but it seems 
that the cans have been somewhat more 
satisfactory, as they contain a larger 
volume of soil for root devdopment. 

iWhen sacks of acorns are received at 
the State Nursery in December they are 
left out of doors until the sand beds are 
ready. Then within a week or two the 
acorns are spread out in a long b^^ four 
feet in width, and covered with about 
two inches of light sand^ Here in about 
five or six weeks they laminate, the tap 
root making rapid growth downward, 
the shoot developing much more slowly. 
The ^ns having been previously fill^ 
with sandy loam soik, the trees are dug 
from the bed during March and April, 
the roots are pruned to a length of about 
four inches and the little tree with the 
attached aeom is planted in the can ^ 
means of a dibble. The cans remain in 
the lath house until the following winter 
when the trees jtye large enough for fidd 
planting. They ave watered by overhead 
sprinklers at about weekly intervals dur- 
ing the dry season and any side branches 
are pruned off to give the tree an erect 
and whiplike form with a height of eight 
to twelve indies. Pruning of the root 
induces a branchihig and somewhat more 
fibrous root sj^tom than is devdoped 
vrathont pruning. The tree imd con- 
tainer ^eigh about eight poundk 
The tmr paper ]^U, ^hkh are often 
abenxt iudf-fiUed vdfch tphagnum inCM», 
about half as much as the cans, ao * 
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are easier to transport. However, their 
smaller diameter results in a more poorly 
developed root system in most cases. 
Also these tar paper containers must be 
very carefully handled during shipment, 
particularly when the soil is wet. 

Field Planting 

During the past six ' years about 
200,000 seedling cork oaks have been 
distributed to applicants through the 
cooperation of State Rangers, Farm Ad- 
visors, Soil Conservation Service person- 
nel, County Foresters and so forth, and 
have been planted by hundreds of land 
owners. Survival has varied with local 
conditions of soil, planting technique, ir- 
rigation and care, but is believed to 
average about 50%. 

One plantation was set out in the 
spring of 1940 on dredged and relevelled 
land at Garden Ranch near Oroville, 
Butte County. The trees were planted 
from cans on this very unpromising 
rockj' flat, were shaded by small burlap 
screens and given but one irrigation dur- 
ing the first dry season. When recently 
examined there were 25% of the original 
200 trees still alive. Some were three 
feet or less in height, but one had reached 
nine feet and was still making excellent 
growth. Another planting of 50 trees 
of the same stock, set out on much better 
land the same spring, was Ell lestroyed 
by gophers before the thirdwear. 

Some experiments have I^en made in 
the use of bare-rooted stack for field 
planting. It is apparently feasible if the 
conditions at the planting site are opti- 
mum, the trees not too large, and if the 
move does not involve shipment for a 
long distance. The best results have 
been reported by 4-H Club members who 
obtained trees from a nursery row in 
Victory Park, Stockton, toqlc them home 
and planted them the same <||(ky. If ship- 
ping distances are very l<mg or edndi- 
tions at the planting site not good, the 
Ese of bare-root stock is qnestionaUie. 


The cost of shipping heavy containers of 
soil is a major problem in the widespread 
distribution of seedling trees. Thus if 
some way can be worked out to secure 
good survival with bare-rooted stock, it 
will very greatly advance the program. 

Stripping of Cork 

Experimental stripping of cork oaks 
was begun by the writer, George D. 
Greenau, R. S. Waltz, and Farm Ad- 
visor, Henry Everett, on July 13, 1940, 
at the Chico Forestry Station grove in 
which the trees were 36 years old, and 
those over eight inches averaged eleven 
inches diameter outside bark. The larg- 
est tree measured 22.5 inches at breast 
height before stripping. Mr. Greenan 
had secured a heavy steel cork stripping 
axe from Portugal which had a curved 
blade and a handle tapered at the end 
for use as a pry bar. Two standard 
pruning saws, hickory pry bars made 
from double bitted axe handles, a couple 
of automobile spring leaves and a heavy 
hammer made up the rest of the tools. 
We had tr, start froni scratch, as no one 
could be found who had ever watched 
the operation in Europe, and the written 
material available gave verj’^ little infor- 
mation on the actual procedure of strip- 
ping trees in Spain and Portugal. 

The standard pruning saws proved to 
be satisfactory for making horizontal 
cuts through the cork, but we found the 
Portuguese axe quite unwieldy and diffi- 
cult to use in making the vertical cut 
without undue injury to the inner bark. 
During the first afternoon we removed 
the cork from ten trees to a height of 
about six feet with less injury to the 
inner bark as we became more skillful in 
handling the tools. We soon determined 
that it was inadvisable to strip trees less 
than eight inches d.b.h., as the cork is 
generally quite thin and difficult to re- 
move. From the lifxger trees the thicker 
ooik separateajai^ easily at time 
qf year alcmg^e.molaf orit juimbium 
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layer with » characteristie tsrac^ng 
ip!h^ aidnuitite^ to preaaure from 
the pry>bars, mid wii^ virtually no in- 
juty to the inner bark. After the ex- 
perience <rf the first day we presented 
the problem of the vertical cut to Mr. 
Fanno, saw manufacturer of Chico. He 
shortly made up a special saw with teeth 
<m the outside of a curved blade. This 
proved to be ideal for the purpose and we 
have used it on all trees stripped during 
the past six years. The sharpened axe 
handles and steri spring leaves proved to 
be excellent pry bars for small to moder- 
ate sized trees, and we have continued to 
use them with good success. . For large 
trees with heavy bark we have since de- 
veloped a heavy pry bar from a standard 
peavey handle with, the toe tapered to a 
blunt edge and shod with light metal. 
These two tools have greatly facilitated 
the work and have made it possible to 
strip most trees with very little damage 
to the tender inner bark layer. 

The work of stripping at Chico grove 
was continued until a total of 166 trees 
had been stripped to an average height 
of 5.5 feet. In the removal of Cink the 
breast high diameter was reduced from 
an average of 11 inches to 8.9 inches, in- 
dicating that the cork averaged 1.05 


inches in thickness. The average yield 
of cork was 2^.8 pounds per tree for a 
total of 3,783 pounds for the grove. All 
of this cork was treated by boiling in two 
changes of water in open metal tanks 
set up in the grove, in accordance with 
what is said to be established practice in 
Europe. It was then baled and shipped 
with the oork stripped from other trees 
that year to Baltimore, Maryland, where 
it was given extensive tests in the labora- 
tories of the Crown Cork and Seal Com- 
pany. From these tests it appeared that 
there was no significant difference be- 
tween cork given this treatment in boil- 
ing water and that shipped without such 
treatment. Therefore, all cork stripped 
in the succeeding years has been shipped 
without boiling. 

During August and September, 1940, 
the test stripping was continued on 60 
trees at the McOill Banch near Oakville, 
Napa County, 15 trees along the State 
Highway east of Davis, Tdlo County, and 
seven isolated trees growfgg in|(|ijii^edw, 
Sonoma and Santa Clara eoin^es. All 
of these last trees had mum fnnre room 
to develop than those in. the crowded 
stand at Chico, tfa^ in Yolo, Ala- 
meda, Sonoma and Santa Clara counties 
were growing on soils of very good 


TABLE I 

SUICUABT OF OORK STRIPPIKO — 1940 

m Cbieo McGill Higlivaj 

' v 'Bauch atDaTis Misc. All trees 

60 "Is 7 248 

Jkr^ diam. ovtsile .bark at 4F 

' , gromid X 11.0" 1R6" 17.7" 28.0" 12.7" 

Av- ««». at after stripping 8.9" 12.2" 14 J" 19.6" 10.2" 

Av^ thidUMfC^ — l.OS" 1.7" 1.45" 1.7" 1A5" 

Av. lesJOi hole stripped — 54(^ 6.6' 8.3' 6.9' 6.0' 

of cork in poiu^ 725 10^61 

Als of tmeih-^years — ^ 62 25 

.ef eork per ttse in lbs. |B|Pw'S'’ 

1.87 2.81 ; 

# ; 1 -.- 

laiveat yield of eork was ifSeured ftma a 27‘inch tree at MeGill Baadi, wfaidi was Mr^pped 
to ei 18 lest. The cork Aoighedl:0Ol pounds, in^fieates an average annnid growth 

" for ^ of its 62 ^rs. ,, 
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quality. The McGill Rauch trees are 
widely spaced, but are growing on roll- 
ing foothill lands of moderate quality 
and in association with coast live oak, 
black oak and other native trees. They 
have had virtually no care since they 
were planted in 1878, and are thus about 
the best demonstration of what may be 
expected from trees planted on foothill 
sections of farm lands in the central 
coast country. A summary of results 
from these stripping experiments is 
given in Table I. 

During the summer of 1941 test strip- 
ping of 24 trees was carried out in the 
San Fernando Valley section of Los 
Angeles County in cooperation with the. 
Los Angeles County Forestry Depart- 
ment and City Forester, Fred Roewe- 
kamp, of Los Angeles. The trees, now 
within the city limits of Los Angeles, 
were planted along Devonshire Boule- 
vard between Chatswoa*th and Zelzah by 
the Los Angeles County Forestry De- 
partment in 1915. In all, there are 


about 140 trees which have made very 
good growth and are nice ornamental 
specimens. The trees had an average 
diameter breast high outside bark of 20.3 
inches, were stripped to an average 
height of eight feet and yielded* approxi- 
mately 50 pounds of cork per tree. Most 
of the trees stripped very easily with 
virtually no damage to the inner bark. 
Most of the cork was firm in texture and 
evidently of as good quality as that pro- 
cured in the northern part of the state 
the preceding year. Three isolated trees 
were also stripped during this season, 
including the large tree on the Maher 
property at Campo Seeo in Calaveras 
County, from which some cork had been 
removed about 1911. The yield of cork 
from this tree was approximately 350 
pounds when stripped to a height of 14 
feet. A total of 1,611 pounds of cork 
from 27 trees was again shipped to Balti- 
more for testing as to quality. 

In spite of war conditions it was pos- 
sible to carry on some cork stripping of 


TABLE II 

SUUMAKY OP CORK STRIPP'.NG 1942 


Location of tree 


Diain. atB.H. 

Age 

Before After 


Length Weight 

stripped of cork 


Deigaard Pi. Duarte in Los 30 yr. 

Angeles Co 

“ it 62 30 yr. 

“ i #54 30 yr. 

“ f #56 30 yr. 

Library Park, Monrovia 30 yr.f 

Monrovia Nursery 80 yr.? 

Mrs. Wales, Charter Oik 42 yr. 

Corona del Mar, Gk>leta Santa Bar- 
bara County 25 yr.f 

Sexton Banch, Goleta — 70 yr.? 

1640 Grand Ave. S.B 30 yr.f 

Orella St., S.B. 2505 25 yr.f 

Cor. of Almar 25 yr.f 

at #2625 25 yr.? 

Montecito St. #321--A. 25 yr.f 

#32!^A 25 yr.f 

Tree, 412 W. Sfontedto St. 

Santa Barbara — 85 yr.f 


21.0" 

17.0" 

10.0 ft. 

85.0 lbs. 

18.0" 

13.7" 

10.0 ft. 

93.0 lbs. 

22.7" 

15.0" 

5.0 ft. 

62.5 lbs. 

13.0" 

11.1" 

3.7 ft. 

19.0 lbs. 

18.5" 

13.7" 

8.0 ft; 

107.0 lbs. 

32.0" 

27.2" 

8.8 ft. 

181.0 lbs. 

32.0" 

25.7" 

9.0 ft. 

211.5 lbs. 

21.1" 

17.1" 

9.6 ft. 

87.0 lbs. 

29.7" 

25.9" 

5.0 ft. 

121.0 Iba 

13.0" 

11.0" 

5.2 ft. 

16.0 lbs. 

9.5" 

8.5" 

5.0 ft. 

10.0 lbs. 

11.3" 

9.5" 

5.6 ft. 

15,5 lbs. 

10.5" 

9,0" 

7.2 ft. 

20.5 lbs. 

17.2" 

14.0" 

5.7 ft. 

61.0 lbs. 

11.9" 

9.8" 

9.0"! forked 
7.0"^ at 2' 

6.0 ft. 

46.5 lbs. 

33.2" 


5.0 ft. 

Utm. 
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trees during September, 1942, in order to 
get samples of cork from different loca- 
tions and to put tbW trees in condition 
to produce second growth cork. Data on 
these operations is givmi in Table II. 

Of the.trees listed in Table II the Dei- 
gaard tree #56 was very difScult. to 
strip, the cork coming off in small pieces. 
This was true also of the upper ring from 
the tree at Monrovia Nursery. This tree 
seemed to be very dry because of the 
presence of nursery stock in cans under 
it which took most of the water. The 
fine old Se^on tree at Goleta had thin 
but very tough and resilient cork, but 
was quite difficult to strip, and the cork 
came off in small pieces. About the 
same can be said of the Bagg tree in 
Santa Barbara which stands on . a lawn. 
Its cork is thin and came off with diffi- 
culty, though the tree seems to get suffi- 
cient water. Its crown is thin and it 
may be troubled by some root disease. 
The small tree at 1640 Grand Avenue 
was on a dry hillside with virtually no 
irrigation, and its cork was hard to strip. 
We had an impression that the season for 
stripping might be too far advanced for 
some of these trees, although others 
stripped with the greatest ease. The total 
yield from the 16 trees in Los Angeles 
and Santa Barbara Counties was 1,197.5 
pounds of coik — an average of 75 pounds 
per tree. 

Dn September 10 we moved operations 
to the San Joaquin Valley, working first 
on thn^ of the tentrees i!^ C^tral Park, 
Bakersfield. These are^)cmt 15 years 
old, are planned in rather a close grove 
with some eodst live oaks and m watered 
by rotating spxinMm sdiidb keep the 
lower i^oortiems <ff the The 

cork was ieft on all of th^ trees and quite 
badly rot^ cm the third Qne.H’^he fol- 
low^ we worked on the%age and 
tree on the J. H, -Morrow 
Grenville 'Street, Porterville, 
i|bunty. This tree is about 75 
rfnamblea a fine old Ameri- 


can elm in its habit of growth. The cork 
was thick, springy and of excellent tex- 
ture, but was somewhat difficult to re- 
move because of its depth and irregular- 
ities in the inner layers. Later in the 
month we stripped three of the twelve 
young cork oaks at Victory Park, Stock- 
ton, with the assistance of Park Superin- 
tendent Victor Anderson who stated that 
the trees were not more than 15 years 
old. A summary of these operations is 
given in Table III. 

During September, 1942, we also 
worked on the finest group of old trees in 
California, with the assistance of Palmer 
Stoekwell and the owner, J. T. Kiser. 
These trees are said to have been planted 
along an old road near Sonoma Creek 
sometime between 1850 and 18|KQ|^aD are 
probably the (ddest cork oaks in tli^fltate. 
It is reported *that 25 or more trees were 
planted at that time, but that all but 
these four were badly damaged by graz- 
ing animals. old trees have beauti- 
fully dense gad rounded Cirowns and are 
said to have produced good crops of 
acorms at intervals for many years. 
Some patches of cork had b^n removed 
by curio seekers for many years, and 
George Greenan stripped a five foot ring 
fronf%ee #3 -in 1940 which weighed 60 
pounds. The other trees and several 
small ones were stripped September 18, 
19 and 20. The cork cambium layer was 
moist and apparently active at this date, 
and the cork was removed quite easily 
except from pressure areas in the 
crotches and at points on the branches 
12 or more feet above the ground. The 
Kjsqr Bancb is 2i miles south of the town 
of Sonoma' in Sonoma County. The 
trees show moderate infestation from 
gall wasps which have not seriously dam- 
aged them. There is some natural re- 
production near them. The results are 
summarized in Table IV. 

Mr. Kiser is . the opinion that some 
of th&jmf^er l^ees axe sprouts the 
dd Btum|iB which have survived damage 
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TABLE III 


CORK STMPPINa IN THE BAN JOAQUIN VAIiET — 1942 


Location of tree 

Age 

Diam. at B.H. 

Length 

stripped 

Weight 
of cork 

Before 

After 

Central Park, Bakersfield 

15 yr.f 

11.5" 

9.4" 

5.0 ft. 

32.0 lbs. 

<< it << 

15 yr.f 

13.5" 

11.3" 

6.4 ft. 

38.0 lbs. 

t( it a 

15 yr.f 

12.4" 

9.9" 

6.5 ft. 

44.0 lbs. 

Morrow Banch, Porterville ... 

75 yr.f 

42.2" 

37.5" 

6.0 ft. 

20415 lbs. 

Victory Park, Stockton 

15 yr. 

17.5" 

15.0" 

6.2 ft. 

24.0 lbs. 

a ti it 

15 yr. 

15.2" 

13.0" 

9.0 ft. 

35.0 lbs. 

It tt ti 

15 yr. 

16.0" 

13.5" 

10.0 ft. 

60.0 lbs. 


by cattle and finally reached tree size. 
Assuming that the trees are 85 years old, 
tree #4 has produced cork at the rate 
of ten pounds per year, and trees #1 
and #2 better than 6.5 pounds per year. 
The yield of virtually a ton of cork from 
these three trees indicates that old orna- 
mental cork oaks may be quite a factor in 
cork production, even without systematic 
stripping to improve the quality of the- 
cork. It is agreed by most owners and 
obserwrs that stripping does not impair 
the ornamental value of the trees, but 
rather adds to their interest. The 
smooth pinkish-tan inner bark gradually 
changes color during six to eight months 
after stripping, becoming dark red, then 


brown, then almost black with cracks 
through which the rapidly forming new 
cork shows as tan-colored vertical streaks. 

The most interesting event of the 1943 
cork stripping season occurred on July 
27th when through the kind cooperation 
of Superintendent Mason of Napa State 
Hospital we were permitted to remove 
the cork from the largest cork oak in the 
United States. The tree stands on an ir- 
rigated lawn on the north side of the 
main building and is said to have been 
planted in 1870 or 1871. Its diameter 
breast high, measured 58.2 inches before 
stripping, which was reduced by strip- 
ping to 53.5 inches, indicating that the 
thickness of cork was 2^ inches at this 


Tree number 


TABLE IV 

STRIPFINO or COS^ OAKS, KI8EB RANCH, SONOMA COUTNTY, SEPTEMBER 1942 

Weight 


Hismeter 


Befoie 


After 


Length stripped 


of cork 


1 

50.2" 

48.8" 

14.4 ft. 

576 lbs. 

2 

gr. 50^'^ 

45.0" 

8.0 to 11.0 ft. 

551.0 lbs. 

3 


5.0 ft. (1940) 

60.0 lbs. 

4 

gr. 54.0" 

49.0" 

9.0 to 10.0 ft. 

851.0 lbs. 


Note: Trees #2 and #4 fork near the ground so that diameter was measured 
just above the ground. After stripping the breast high diameters of the 
branches were on #2 — 27.5", 28.0", and 20.2"; on #4 — 34.0", and 25.5". 


A 

llj" . 

9.5" 

6.3 ft. 


39.0 lbs. 

B 

mkf' i 

8.6" 

3.7 ft. 


10.0 lbs. 

C 

yisA" 1 
IIO.O" 

9.0" ) 
7.7" J 

forked 
at 3' 


38.0 lbs. 

D 

7J" 

6.8" 

6.0 ft. Nat. m 

idHinir 

14.5 lbs. 
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point. The cork came off this tree very 
easily and the eork cambinm was so mOist 
at several points on the trunk that water 
dripped from the sheets of cork as they 
were ranched. The heavy peavey bar 
was most effective in working on this 
tree, and in <me case we were able to re- 
move a strip of' cork ten feet in length 
without breaking it. AH of the cork on 
the tree*" was removed to a height of 17 
feet above the ground with the exception 
of that on one horizontal branch. When 
removed from the base of the tree on 
Jtdy 81, it ipade a full load for the Pon- 
tiac station wagon and weighed 1,050 
pounda Thus this fine tree in its 73 
years had been producing cork at an 
annual rate of 14 pounds for its entire 
lifetime. The tree showed no set-back as 
a. result of the stripping, the few cuts 
through the inner bark healed quickly 
and the new growth of cork is coming 
al<mg in a vigorous and satisfactory 
manner. 

Three trees about 15 years old, grown 
from acorns from the big tree, stand be- 
side the ranch road in front of the dairy 
building on the Napa State Hospital 
{^unds. These trees are somewhat 
laiiger and have evidently had somewhat 
better irrigation than others in the same 
row. They were stripped July 23, 1943 
with the following results: 


were so low that they could easily be 
worked from the ground. The larger 
one stripped for 15 feet from the trunk 
was reduced in diameter from 22.2 inches 
to 19.8 inches; the smaller one stripped 
to a length of 6.8 feet was reduced from 
17.8 inches to 16.3 inches. The d.b.h. 
of the main stem was 27.7 inches after 
stripping. The yield of cork was 315 
pounds. The second tree measured 20.2 
inches d.b.h. outside bark and had a 
straight clean bole to a height of 15 feet. 
This tree stripped so easily that we re- 
moved a cylinder of cork ten feet long in 
a single piece which weighed 92 pounds. 
The diameter breast high measured 16.2 
inches after stripping, showing the cork 
to be two inches in thickness. Besides 
the 50-year-old trees at Kearney Park 
there is the fine “mound” grove of a 
dozen or more trees planted in 1913. 
All the trees here are flood-irrigated 
twice during each dry season. They all 
show; some attack by gall wlusp, but seem 
not to be badly affected hy this insect. 
Other trees worked on were in Alameda, 
Merced, Madera, Fresno, Tulare, and 
Kern Counties. Most of thmn stripped 
easily with the exception of one at Jas- 
mine which was the most difficult of any 
tree we have worked on. The cork had 
to be forc^ off in small pieces but was 
of good quality; Another very difficult 
tree to strip was a small specimen at 


Tree 


Wert .... 
Middle. 
Eert — 


Diameter 


Length Weight 

. Before After 

. 

... 12.0" 10.4" 7.7 k. - 40.0 Iba. 


M";v 73" 7.2 ft. 21.7 Iba. 
11.^ 0.7"' 7.1 ft, 27-6 Iba. 


Fiddletown in Amador County whiifii 
jdelded only 44 pounds of cork in small 
pieces. The big tree there which we 
stripped on September 3 had firm cork of 
excellent quality which stripped very 
easily and yielded approximately 250 


Amoignt^iwr interesting tr^ stripped 
during we 1948 sgason we^ two ^year- 
cHid trees a| Keamey Parlt ii^l^Vimno 
fPhe first of these wim a fine 
with two low horizontal 
bsfow whkli the diameter mea- 
mdies, the main trunk being 
loiduia The two branches 


pounds from 8.5 feet of stem. The breast 
high diametw was 86*5 inches befoM and 
30.3 inches after stripping. T|]4 old in^ 
habitants of this miiiing to^;aeem Jm 
think that this tree was sopited a|^Pt 
1856. It has imoduced good jp^ 
of acorns. This same s|s^ we 8|||med 
the finrntdtiree at |p deser^p^yng' 
town of Todd’s Va)l^ in PUmp dounty 
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at 2,700 feet elevation, which puts it in 
the lower portion of the ponderosa pine 
belt. The tree was probably planted in 
the yard of a nice residence about 1860 
in a place not disturbed by the old drift 
and hydraulic mining operation. The 
property is now owned by Mr. T. de- 
Boode of New York who went with us to 
see the operation. Cork was removed to 
a height of 7.2 feet for a yield of 185 
pounds. Some of the ridges of cork 
were six inches in thickness and the cork 
was of excellent quality. Diameters 
breast high were 38.3 inches before and 
33.4 inches after stripping. Only two 
or three buildings are now standing in 
the area which between 1850 and 1861 is 
said to have had a population of 12,000. 
The old mining areas near the tree are 
coming up to a fine stand of young pon- 
derosa pine. 

On September 29, 1943, we stripped 
ten small trees at Chico Station grove in 
order to test the effect of paint and other 
coatings of the inner bark applied within 
one hour of the time of stripping. The 
trees stripped just as easily on this date 
as they had earlier in the year. The 
coatings used were a) tan colored porch 
and deck paint; h) blue fiat wall paint; 
c) “Opex” colorless lacquer; d) thick 
sodium silicate solution; e) cream 
colored kalsomine; /) heavy builder’s 
paper tied with twine, Iiater examina- 
tions seem to indicate lhat the tree 
wrapped with paper |m(!e the best re- 
covery and most rapil g-owth of cork. 
The tree coated with tljp colorless lacquer 
died. The other applications seemed to 
have little effect on the development of 
new cork on the stripped portion of the 
trunk. 

During the 1944 season trees were 
stripped in Alameda, Merced, Fresno, 
Eem, Los Angeles an^i Yeatwta. counties 
with about the same results as indicated 
above. The followin||||Qay be mentioned 
as most interesting: dne of the 31-year- 
old “Mound” trees at Kearney Park, 


Fresno County, measured 31.4 inches 
below the fork outside bark before strip- 
ping and 28.6 inches afterwards. Ten 
feet of stem yielded 165 pounds of cork 
which came off very easily. The cork 
oak on the lawn of C. H. Powers, 230 
Citrus Avenue, Azusa, is 54 years old, 
65 feet tall with a clear length of over 20 
feet and is one of the most beautiful cork 
oaks in Los Angeles County. It was 
stripped to a height of 10.5 feet on 
August 18, the excellent quality cork 
easily coming off in two perfect cylin- 
ders. Stripping reduced the d.b.h, from 
35 inches to 29.2 inches, and the yield of 
cork was 235 pounds. The finest cork 
oak in Ventura County stands in a citrus 
grove on the property of R. H. Peyton 
near the Rancho Sespe at Fillmore. It 
is approximately 60 years old and is said 
to have been given as a premium by the 
San Francisco Call Bulletin. The tree 
has always received good irrigation and 
cultivation and has had plenty of room to 
develop, as it towers above the orange 
trees. It measured 40 inches d.b.h., 50 
feet tall with a clear length of ten feet, 
and « crown diameter of 60 feet. We 
stripped 5.3 feet of stem leaving the 
d.b.h., after stripping, 35 inches, showing 
that the cork was 2i inches in thickness. 
The cork stripped easily though not in 
one piece and seemed to be of excellent 
quality. The yield was 200 pounds. The 
tree is a beautiful ornamental specimen, 
is in excellent condition and shows little 
evidence of attack by gall wasps or other 
enemies. This appears to confirm the 
opinion that gall wasp attacks are apt 
to be most serious on those trees which 
are growing on poor soil or suffering 
from a deficiency of moisture. 

During the 1945 and 1946 seasons 
stripping of trees was confined to a series 
of method demonstrations arranged by 
Farm Advisors in different counties for 
the benefit of those who had planted trees 
and were interested in methods of har- 
vesting oork 
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Regrowth of Cork After Stripping 
At the tune of stripping the cork dhn- 
bium » in active groVth and quite moist. 
It soon dries to a depth of about one- 
eighth of an inch into the sheath of inner 
bark remaining on the tree, and during 
a period of months it goes through the 
series of color changes from pinkish-tan 
to dark brown. The new growth of cork 
starts from re-established cork cambium 
below this dried “hardback” layer ex- 
posed to the air. The recuperative 
powers of this inner bark layer are quite 
remarkable, md production of new cork 
is so rapid that within a few months the 
bright tan color of the f rerii cork can be 
seen through vertical cracks in the dry 
outer layers. By the act of stripping, 
the tree appears to be stimulated into 
gr^t activity for the Tapid replacement 
of the protective layers of cork. Also 
the healing of wounds, which may have 
be^ made through the inner bark to the 
cambium layer, is very rapid on all trees 
in vigorous condition. After losing 
about half of its thickness from the dry- 
ing, the inner bark layer evidently re- 
mains thinner than it was for a num)^ 
of years, all energy appearing to 
the formation of cori:. In osdKviPiifit 


stripping and 7.9 inches after removal of 
the ring of second-growth cork which 
weighed 14 pounds — one pound more 
than had been originally taken from the 
same trunk area three years before. 
Later examinations of this tree indicate 
that it is still in vigorous condition and 
putting on a third growth of cork. 

It has now been possible to remeasure 
a considerable number of trees in order 
to give an idea of their recovery after 
stripping and the development of “sec- 
ond-growth” cork during a five-year 
period. Results which are summarized 
in Table V show such rapid growth that 
the diameter outside bark before strip- 
ping has generally been regained and 


often exceeded at the time of the secoji^ 
measurement. 

One of the Paris 
measured 16.5 iuches>'^||pii||i||^ 
and 14.2 inches afyi|iilM ^^ 
was restripped n rij^M ll ^ M liflli’whien 
its diameter Inches. By 

' second 

reduced to 
at breast height, which indi- 
pWtb of about four inch^ in 
kni^ar' for the wood cylinder of this 
tree in five years. This is in marked 


removt 




the vigor of this inner bfxk li)reF, tree 
number 6 at Chico was k second 

time in 19^y|il|^|l|||^ffi» temoval of 

13 

PISSwbiF omlc at Hpiriginal stripping 
ttOd d.tlf.h. bfter the 

a height of 6.2 feet. 
,ibMlipi?ed 8.9 inches before 


nred 8.9 inches before 


contrast to the much slower growth of 
the crowded trees on poorer soil at Chico. 
On July 7, 1946, a cjdinder of cork 4.3 
feet long was removed from tree 3-N in 
this highway planting, the yield of cork 
being 59 pounds. Its diameter had been 
reduced from 19.1 inches to 16.7 inches 
by 8tri|^ing in 1940. It had grown to 
a d.b.h. of 26.2 inches in the su^ years 


TABLE Y 


KBOBOWTH or 0<»K 




ym 





Ohke, 'Bn^' Ctouaty .;.w — 

Otfus tjf 

JUm Aagales Ooonl^ 


B^on 


(IWO) U.Ot*' 
(1940) i7.2^ 
(1941) 22.7^ 


‘ 9j0t^ 
14.4^ 
mA" 


Syean 

later 


(1946) 10.7'' 
(1945) 22.2" 
(1946) 28.8" 
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which was again reduced to 23.2 inches 
at a point just below the upper edge of 
stripping. The cork, therefore, had 
grown to a thickness of 1.5 inches in the 
six years since stripping and seemed to 
be of very good quality, being at the rate 
of about 18 pounds per year for this tree 
which is now 58 feet tall at 31 years of 
age. Very similar yield of cork was in- 
dicated from the Chatsworth trees grow- 
ing on similarly good soil when 53.5 
pounds of very good cork were removed 
from four feet of stem of tree (N-2) 
August 6, 1946. Its diameter before 
stripping in 1941 had been 23.0 iMdbes 
with recovery to 22.9 inches in the five 
years. After the second removal of cork 
it measured 20.4 inches diameter at the 
top of the stripped portion. The cork 
again seemed firm and of very good 
quality. 

In order to obtain a comparison of 
growth on unstripped trees, 13 of the 
Chatsworth trees were selected which 
had virtually the same diameters in 1941 
as the 13 stripped trees. Average d.b.h. 
was 22.9 inches in 1941 as against the 

22.7 inches shown in the above table. 
After five years the unstripped trees 
showed an average diameter of 25.4 
inches as compared with the recovery to 

23.8 inches by those from which bark 
was removed in 1941. Thus if the aver- 
age bark diameter in 1941 (2.3 inches) 
be subtracted from tte average diameter 
for 1946, we get a iilcuiated d.b.h. of 
23.1 inches for the! nr stripped trees, 
while the actual m^urement of the 
stripped trees was 23l8 inches. Though 
some of this must be as.signed to wood 
growth, it is further indication of the 
stimulation of cork production by strip- 
ping. Individual trees for which records 
are being kept indicate similar rapid 
growth after stripping. The Boyle tree 
which stands on irr^ated lawn at 1337 
Highway 99 in Mngsburf, Fresno 
County, was strippealn August, 1943, to 
a height of 8.75 feet when it was 13.5 


inches diameter outside the cork and 11.0 
inches after stripping. It was then 
about 18 years old and the yield of cork 
was 51 povinds. In August, 1946, after 
only three years it measured 14.8 inches 
d.b.h. and is making an excellent growth 
of cork. 

During the past six years nearly 500 
trees have been stripped in California 
with a total yield of approximately 15 
tons of cork. Most of the trees have 
released their cork quite easily and with 
veiy little injury to the inner bark. Any 
damage to inner bark or cambium layers 
is usually healed over very quickly w'here 
trees are in vigorous condition. Only 
three trees have died following stripping, 
and it appears that these were suffering 
from excessive drought or were otherwise 
in poor condtion. Stripping has been 
conducted from July 1 to early October 
with little apparent difference in ease of 
stripping during the season. We feel 
that stripping should be confined to trees 
in good growing condition and with 
vigorous and full crowns. Such trees 
show very littie setback as a result of 
cork' removal. 

As a result of this work, the following 
tentative estimates of yield are suggested 
as possible for cork oaks growing in Cali- 
fornia under good conditions: 


TABLE VI 

TENTATIVE ESTIMATE OP COEK TIELD PEE TEEE 



Age 

Yield in pounds 

10 

years 

None 

20 

t < 

15 to 20 

30 

t ( 

30 to 50 

40 

t ( 

50 to 75 

50 

< t 

75 to 100 

60 

t i 

150 to 200 

70 

• • ' „ 

250 to 400 

80 

1 1 

500 and up 


If trees were stripped every eight to 
ten years beginning at about 20 years, 
it seems likely that the resultant stimu- 
lation may iuthwase the estimated yield 
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in the above table by one and one-half to 
two times. It appears that the cork pro- 
duced by trees on good soil and making 
vigorous growth is of about as good qual- 
ity as that from trees on poorer soil or 
drier conditions. This may not hold true 
for higher quality cork articles, such as 
wine bottle corks, but the cork from fast 
growing trees seems to be fully suitable 
for composition articles and insulation 
blocks. 

Quality of California Cork 

During the last six years about 15 tons 
of cork have been stripped from Cali- 
fornia trees and shipped for testing to 
Dr. Giles B. Cooke, Research Depart- 
ment, Crown Cork and Seal Company, 
Baltimore, Maryland. He has made 
several grinding tests aud a considerable 
number of composition cork articles 
which he says are very good. He re- 
ports as follows on one of the typical 
shipments : 

^ ^ The total weight of the bales used was 1978 
pounds, of which 239 pounds (12% of the ship- 

^ ‘This material was ground and sized through 
the regular production equipment. The three- 
quarter to ten mesh material was made into 
eorkboard in the regular steam baking molds 
according to standard practice. 

“The slabs as received contained a high per- 
centage of “Bed dog“ and the cork was very 


ping weight) was in the wrapping and baling 
material, leaving 1739 pounds gross weight of 
cork. In grinding, granular particles of throe 
standard sizes were produced for a total of 686 
pounds, or 39.44 percent of the sample. This 
cork is of excellent quality and can be used in 
the manufacture of composition cork for closure 
liners, gaskets, cork sheets and many other pur- 
poses. Other very small but usable particles 
(30 to dust) amounted to 413 pounds or 23.75 
percent of ^e sample. This very ftne material 
is not suitable for composition cork to seal 
foods and beverages, but may be used in li- 
noleum, shoefillers and other commercial arti- 
cles. Thus 63.2 percent of the material is use- 
ful in industry, leaving 36.8 percent as non- 
use ble hardback, moisture etc.” 

Dr. Cook« says, “The results of this 
work are most encouraging and 1 see no 
reason why this cork cannot be used 
interchangeably with the imported 
grade." 

One lot of cork amounting td|’ 1,692 
pounds was forward^jSpttSr. Coiae to 
the Armstrong ComgpU^^ffl^as ^ted 
in their Camden 'to deteimiile its 
suitability for ptadhscing eorkboard. 
Mr. A. L. Jennings reports on these tests 
as f c^ws : 

bllttle. These characteristics resulied in a low 
yield of three-quarter to ten mesh cork. The 
ground cork showed a definite , tendency of the 
particles to be rounded instead of having an 
irregular fracture. The particle size of the 
three-quarter to ten mesh cork was very uni- 
form and contained little or no fines. 


Qross weight of sample 
Oraund cork (3/4 to 10) 
this gqfials 

By-products obtained^^. i 
size 20 to dust ! / 

49 fo;20 hardback^ 

10 to 20 airfloat 

Screen aufdysis of ground cork; 


1692 pounds at 16.45% moisture 


789 


268 pounds 
285 “ 

90 “ 


111 

46.68% of the gross 


" ti 

a 

.371 “ 



4t 

#8 “ 

42.6% 

If 

it 



. ft 

ti 


■ 0.6% 


Average weight 
7.0 pounds per eu. It. 


baked Iri^ 100% of the sub- eorkboard as has foreign young limb virgin 
je^' e4i^ md tjpfm containing 25, 50, cork. Data lAowing typical mixes and average 

and ?b%^f fbreilp cork/ This domestic cork physical .pawperties oi the baked block are as 
has mndp the sapm ^ect upon the bakiiig of follows: 
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Block . 

No. Mixture 

Bake -out 

Density 

Modulus of 

Deflection 

Loss 

Ibs/bd/ft 

Rupture Ibs/sq/in 

inches 

1. ]00% domestic 

16.9% 

.631 

25.9 

.69 

3. 100% “ 

20.4% 

.589 

28.1 

.83 

176% “ 

'* 1 25% regular 

18.7%, 

.654 

28.4 

.67 

1 50% domestic 

17.7% 

.641 

16.1 

.48 

* 1 50% regular 

5 25% domestic 
\ 75% regular 

17.7% 

.612 

22.5 

.59 

1 7. 100% domestic 

17.4% 

.602 

26.0 

.63 


‘^From the above table it will be noted that 
all samples met the requirements of Federal 
Specification HH-C — 561b excepting board #9 

It appears from these two reports that 
from to 60% of the weight of cork 
samples shipped can be utilized for com- 
mercial articles of good quality. 

Enemies of the Cork Oak 

Young trees of cork oak are subject to 
severe damage by gophers, rabbits, do- 
mestic live stock and deer. It is neces- 
sary to give them protection from these 
animals for several .years after planting. 
In most parts of California the seedlings 
must have shade and one or two irriga- 
tions during the dry season if satisfac- 
tor.v survival is to be expected. In most 
cases it is advisable to remove competi- 
tion of grass, weeds and brush during the 
first few years. 

The most serious pipst if evidently the 
tiny' gall wasp P^iotr< chus . suheri 
which seems to be well distributed 
throughout Oaliforniiu Eggs are laid on 
soft bark of small twigs which swell as 
the larvae develop and later turn brown 
and die from the numbers of tiny emer- 
gence holes. Attacks of this insect seem 
to be worse on trees which are suffering 
from drought or poor soil. Many have 
become so unsightly from dead twigs and 
thin crowns that th^ have been removed. 
The common Galife^ia oak moth will 
occasionally defoliate cork oaks but may 
be controlled by spraying. There is no 
known control for the gall wasp. 


which failed to meet the modulus of eighteen 
pounds. ’ ’ 

At least one cork oak in California is 
known to have died from oak-root fungus 
Armillaria mellea. This tree stood in 
the old Hihn residence gardens in Santa 
Cruz. It ma.v be that the Bagg tree in 
Santa Barbara was also attacked by this 
fungus which is undoubtedly more apt to 
attack trees growing on irrigated lawns. 
Planting stock with deformed or dam- 
aged root sy'stem is quite susceptible to 
attack by this parasite. The best de- 
f-Mise against these insect and fungus 
enemies is to use sturdy planting stock 
and give the trees good protection and 
care until they become well established. 

Summary 

Cork oaks have been planted in Cali- 
fornia since about 1855, and there are 
some outstandingly fine specimen trees 
growing from San Diego to Eureka at 
elevations below 2,700 feet. There are 
about 5,000 trees more than ten years 
old in the state. 

Cork oak acorns produced in Cali- 
fornia average 70 per pound, have a high 
germinative capacity which can be main- 
tained for twelve mouths or more by 
moist cold storage at 38° P., and during 
most y'ears it should be possible to obtain 
from five to ten tons of cork oak acorns 
from California trees. 

' Duri ng jy ilgast six yearn about 200,- 
000 of 'ork' oak k#ve been 

grown *»'; to lan^ owners 
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under the cooperative cork oak project. 
Where carefully planted, protected from 
animal damage and given adequate irri- 
gation, shade and care, many of these 
plantations have shown excellent sur- 
vival and growth. 

Because of the kind interest and co- 
operation on the part of owners of cork 
oak trees, it has been possible to carry 
on experimental stripping of about 500 
cork oaks during the past six years. The 
stripping season has been found to be 
from about July 1 to early in October. 
Most vigorous and full-crowned trees can 
be stripped easily with the special tools 
developed and with virtually no damage 
to the inner bark. It is not advisable to 
strip trees which are thin crowned or 
suffering from drought, insects' or dis- 
ease. Removal of cork from ornameni 
cork oaks changes thj^ir appeiMUSoe h 
does nqiUMsfllsly 'sUlllll^eir gn^h or 

Ijieharacter. 

The 13^ toiiiS' of cork has been quite 
thoroughly teiifted and found to be well 
suited' for the making of composition 
cork articles, insulation blocks and other 





Commercial articles. It is reported to be 
fully interchangeable witli Mediter- 
ranean cork of similar character and 
grade. 

Begrowth of cork after stripping has 
been rapid and satisfactory with trees, 
usually regaining the diameter before 
stripping in five years. Indications are 
that the reproduction cork is of 
quality. Trees 25 to 30 year 
when stripped have put on a 
100 pounds of reproduct|g|^ .^^ ^^^ 

The most serious 
cork oak in Califc 
which kills 
trees in 

known e4||p|Mpp'lhrB pest. 

tii|A distribution of trees 

he eoii|piied until there are one mil- 
eork hfks growing in California, 
they will when 80 years old contain an 
emergency supply of 50,000 tons of cork. 
This amount may be increased and the 
quality improved by successive stripping 
of the trees after they become 20 years 
of age. 
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Medicinal Plants in Britain. 'Reports 
indicate that the viklnable collections of medi- 
cinal plants made during the war are not 
being eontinned this Summer, with the pos- 
sible eieeption of Baspbe^ ItHves, which 
are being tested for their re|^ated usefulness 
to midwiveS; ^ritain is prrimmably revert- 
ing to the {y|e-War 'Mad Hatter* arrange- 
ment regardmg Digitalis, of vdiich we need 
four fanndijed tons a year. Britain groiini 
the bek ^d most potent Foxgloves 
worid (the ' Wekh plants are {i||rtienlariy 
good), yet in ordinary tkne$tW!eido’n<^ pro- 
dnee <^.<|Wn Dighahs, We eZpM seeds to 
Fo^leses do not grow 'wild 
' W dw enitivated, and the Bussian-prodneed 
fsa^ diei^. by ill-paid labour and 
a^mltvjr;||li^ spbei^, is 'then eiqpiorted to 
j.Britaia. natund advantagie enjoyed 


by the Russians is a climate which permits 
the leaves to be dried without artificial beat 
— which was, of course, provided for the 
purpose in Britain during the war. The 
position of certain other imported drugs is 
only one or two degrees less preposterous. 
For example, the wild Autumn Croens which 
yields eolehieine, is so abundant in some 
western comities that it is (by reason of its 
poisonous character) a serious pest in farm 
pastures**. (Anon., Gardeners’ Chronicle 
119: 276. 1946). ' 

Timb«ra of Britiab Honduras. "Motes 
on forty-two secondary hardwood tim- 
bers of Bri^ Honduras**, issued in 1946 by 
the F«^ 'OepaitDOant of that sounUy, de- 
seiibw the" properties and uses iff sndh tiu-, 
b«n. (A. F.'A. iMmb). 




Minor Fiber Industries 


In which Spami^h moss. Palmetto palm, Spartina 
grass and Tamel bur each plays its role by contribut- 
ing to tba manufacture of particular commodities. 

BRITTAIN B. ROBINSON* 


Introduction 

Many readers are familiar with the 
major plant-fiber-producing industries of 
the United ' States, namely, those of cot- 
ton, broom com, flax and hemp, but are 
not familiar with the fiber industries of 
lesser renown. It is the purpose of this 
article to discuss four of these so-called 
minor industries, namely, those utilizing 
Spanish moss, palmetto, Spartina grass 
and teasel. Among these industries it is 
only with respect to palmetto and Span- 
ish moss that fibers are extracted from 
the plants, as is done with cotton, fl|x 
and hemp, biit the utilitarian value of 
the others is largely dependent uj^ii 
their fiber couteut, as is true also “bf 
broom corn, and their utilization is thus 
appropriately included in the category 
of fiber industries. 

References on the subject reveal that 
there have been sporadic attempts in this 
country to produce fiter 'ron» yucca, 
crotalaria, jute, abufflon, milkweed, 
apocynum, nettle, cat||il, ramie and 
other plants than those ihentioned above. 
All these attempts, withi-the exception of 
those involving ramie, have not resulted 
in any long period of continuous produc- 
tion. At present, production of ramie 
is under way on a rather extensive scale 
in Florida, and it is hoped that a con- 
tinuously profitable industry will result 
from these experimental undertakings. 

* Senior Agronomist in file Division pf Cot- 
ton and Other Fibmr CI^b and l^iseases, 
BPISAE, U. 8. D^artment of Agrieniture, 
BeltsviUe, Md. 


The United States is fortunate in cov- 
ering a large area from the semi-tropics 
to the cooler temperate regions, within 
which one is able to find regions of dif- 
ferent climates and soils that are capable 
of growing a wide variety of plants. 
Unfortunately the fact that many plants 
can be grown in the United States does 
not mean that an industry producing 
them here would be profitable. Another 
country may have equally favorable soil 
a"d climate, and, in addition, have the 
advantage of cheap labor. It is under 
such 'Tuiditions that jute, for instance, 

groAvn in India, whence we import 
arge quantities of it that are consumed 
in grealer amounts than all other plant 
fibers combined, with the exception of 
cotton. There are, however, many cord- 
age, brush and broom fibers as well as 
plant fiber fillers imported into this 
country which are obtained from strictly 
tropical plants that could not possibly be 
grown within the continental United 
States, and imports of those fibers are 
necessary to sustain our manufacturing 
industries using them. 

The purpose of this paper, as already 
stated, is to describe the Spani^ moss, 
palmetto, Spartina grass and teasels in- 
dustries. It is hoped that the discussion 
will lead to a better understanding of the 
industries in reference to their competi- 
tive fields and their future potentialities. 

Spanish Moss 

The materiail.<known by the names 
“Spanish “!=5outhefh moss”, 
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“Florida moss” and “Louisiana moss”, 
audits commercial form “Black moss”, 
is not a true moss, but a plant or the 
product of a plant belonging to the 
pineapple family. Its botanical name is 
TtUandsia usmoides L. It is a true epi- 
phyte, growing on either livp or dead 
trees, or sometimes even on telegraph 
and telephone wires. It is distributed 
from the Dismal Swamp of Virginia 
along the coast to Florida, and westw’ard 
to Louisiana and Texas. Other species 
of the same genus extend southward in 
the Gulf region through Mexico to Cen- 
tral America. It grows luxuriantly in 
very moist localities. 

The moss is collected when there is a 
slack in other work, and is often gathered 
by individuals to obtain an immediate 
cash return upon delivery of the harvest 
to a moss company. The material is 
pulled (from trees with hooks or rakes on 
long pwes, or it may be collected on the 
ground after storms which blow it down. 
A. large part of the Louisiana output is 
fallen moss gathered from the bayous 
where it drops from the cypress trees. 
Sometimes it remains under water until 
cured. Frequently a man working in a 
tree will have a boy on the ground re- 
moving sticks and leaves from the moss 
pulled down. In dense growths of it a 
collector can p^ down and gather, free 
of sticks, 1^ pounds in an hour, but the 
average collection may be closer to 500 
pounds per day. . ^ 

Tim green moss is puichaibd f rom the 
coUectocsr' 1^ moss-ginidng companies 
which ma^perate a number of curing 
yards not jmeated aA their gins. A large 
number of such yards are scattered 
arbr&d eentml Morida, Tor the 
gray moss is not eone^ered blL sufficient 
valno to;la'ansport grtet ffisl^es to the 
;gma.' ' lifter curing, the moss is troeked 
curing yai^ to the gin. In 
ciHiipanies send out trucks 
'i^'^y cured material from scattered 
^Ueetors. ‘ T%e cured moss may be pur- 


chased beside the road, but no green moss 
is ordinarily bought by the trucks. The 
collector trucks his own green moss to the 
nearest curing yard. 

In curing moss in Florida the material 
is placed in long piles, approximately 20 
feet wide, 100 feet long and six feet deep. 
It is then watered, and during the water- 
ing and tramping which may occur in 
w’atering, the pile settles one to one and a 
half feet. Then it is not touch cA Tor six 
weeks, after which time it hasflittled to 
18 to 24 inches in depth^^Hle outer 
moss is still gray, but that- wlwf the sur- 
face of the pile is now' brown to black. 
Longer curing in the beds is necessary to 
get a good black product. During the 
curing considerable heating, resulting 
from biological activity, occurs in the 
bed. 

The moss after curing is placed on wire 
racks to dry. In some eases the beds are 
opened and small piles are made on the 
ground to facilitate drying before the 
mass is moved to the racks. 

Various estimates are given for loss in 
weight during curing. For brown moss 
the loss may be 60% to 75% and for 
black moss as much as, 80%. These are 
losses in the curing alone. Further 
losses occur in ginning. In ginning black 
moss that has lost 80% in curing, half of 
the remaining weight is subsequently 
lost so that .the final yield is 10 pounds 
of black moss per 100 pounds of green 
moss. The yield is higher for brown 
moss, but losses may be 60% to 70% in 
ginning. The yield from moss collected 
in winter is higher than from that col- 
lected in Jsummer. One estimate was 
that the summer yidds are only one-half 
of the winter yields. This is due to new 
growth of the summer harvest which has 
little recoverable fiber. ^ 

In ginning, the eured dry moss is fed 
into » kind of gin consisting of fiuted 
rdlers and a toothed cylinder which may 
OTihsyxtot work against a toothed con- 
cave surface. After passage through 
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the gin tiie moss is shaken over a wire 
Screen or latticework floor to free the 
Wmf of loose bark. The fiber is then 
sorted for color and cleanliness and baled 
for market. 

In August, 1946, the price paid in 
Florida for green moss ranged from 70ft 
to possibly $li)0 per 100 pounds deliv- 
ered at the moss yard ; the price for cured 
moss was $5.00 per 100 pounds. Most 
moss is purchased green. In 1937 green 
moss was bought for 25^ per 100 pounds 
and cured moss for $2.50 per 100 pounds. 

The Office of Price Administration had 
ceilings on the sale of moss during the 
first half of 1946, $17.75 per 100 pounds 
of black moss, $16.25 for brown moss. 
Very little black moss was produced in 
Florida under these prices, as the gins 
claimed that too much weight was lost in 
curing moss until it was black for the 
slight additional increase in ceiling price. 

The refined black moss is sold by the 
ginning companies largely to upholster* 
ers’ supply firms which in turn sell it ||^r 
use in furniture cushions. It has 
been employed in the cushions of ai^- 
. mobiles and railroad cars, being wl 
adapted for such use because of its great 
resiliency. Among other plant ffilers 
used for similar purposes are kapok, cot- 
ton linters, crin vegetal (shredded palm 
leaves,) sisal waste, coaoa fiber, flax tow 
and excelsior. Cotton |inti*rs, flax tow, 
Spanish moss and exciisio.' are of do- 
mestic industries. 

The annual producibn of Spanish 
moss in Louisiana hg| until lecently 
outranked that of Florida. Some esti- 
mates place the Florida amourLt in 1946 
over 4,000,000 pounds of ginned moss. 
Older refermices have indicated an an- 
nual production of nearly 10,000,000 
pounds f cr the United States. 


most important of these as a flbm: plant 
is Sobol palmetto (Walt.) Lodd. It is 
commonly known as ‘ * cabbage palmetto **, 
but also is called ‘‘Carolina palmetto'*. 
It is native to Florida and the region 
northward along the coast to North Caro- 
lina. In Florida it is distributed all 
over the State except the extreme north- 
western portion. It is normally an erect 
tree attaiuing a maximum height of 80 
feet with a trunk diameter of two feet or 
less. The trunk is clothed during early 
life with old “boots” remaining from 
decayed leaf -stalks. As the tree grows 
older these fall away, leaving a fairly 
smooth, slightlj’’ ridged stem. The leaves 
are fan-shaped and shiny, reaching a 
maximum length of about five feet mid 
a somewhat greater breadth. The 
slender unarmed petioles attain a length 
of seven feet. The dark colored or black 
fruits average about one-third inch in 
d'ameter. The cabbage palmetto is 
found growing in marges, hmnmocks 
and Sc.ndy soils, and because of its adapt- 
/ -ability to various soils it can be grown as 
an ornamental throughout most sections 
of the southeastern coastal section. It is 
not damaged by cold in Florida. 

The palmetto produces a valuable fiber 
from the “boots” surrounding the termi- 
nal bud or cabbage. Recovery of this 
fiber for use in brushes has been a Florida 
industry for more than 50 years. In 
1897 Charles Richards Dodge, in U. S. 
Department of Agriculture Fiber In- 
vestigation Report No. 9, described the 
preparation of this fiber by a factory 
located in Jacksourille, Florida. At 
present there are at least four mills in 
Florida engaged in this work. These 
mills have been estimated to produce 
500,000 to. 1,000,000 pounds of cleaned, 
pr^ared fiber annually. Further, it has 


CabiNtge Pi^etto 

There aie about hal£|l dowen-sfilMies of 
palms called “palmetto’’ powingin the 
Southmm State8^ ehie^- Florid The 


been estimated that with more systematic 
management of han^esting it would be 
possible to increase the prodilction frt^m 
two to three tii|^ the pre^t produc- 
^on, au4..so||j|pi|»wtes 
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tiMM pt!oduc1iou before ^ 

(todnf the siq>pl 7 ot productive trees. 
£lo«every due to laet ef systematic mau- 
agement, the ecf^omic productive areas 
iwobubly tonded to decrease in 
reeent years. When it is realised that 
e^ bud srields only one and a half to 
tisree pounds of fiber, possibly avwaging 
idmut two pounds, it will be understood 
tibut at present some 250,000 to 500,000 
item ere used annually by this industry. 

The palmetto fiber is in the “boots”, 
or spathes of the leaf stems, which sur- 
round the “bud”, or “cabbage”, and in 
seeuriag the bud surrounded with the 
uiqnm leaf boot stems, ^e tree is sacri- 
ficedf. The buds, usually three to four 
feet los% and about ten indies in diameter. 


The buds upon arrival at the mill are 
placed in large cement tanks and boiled 
.for two or three days. The cooking 
sevens and loosens the mam of boots sur- 
rounding the bud, permitting them to 
separate from one another when removed 
from the tanks and crushed between 
rollers. The desirable fiber is mainly on 
the outside of tim boot; the inside 1:^ a 
cross net of fiber that is removed. The 
pulp and undesirable fiber is removed 
by holding the crushed boots agtinst a 
revolving drum vddeh is covered with 
hackle pins that shred and comb away 
the waste from the marketable fiber. 
The fiber is then dried, oiledr sorted, 
trimmed to desi^ lengths and packaged. 

The fibers liiktrom 9 to 42 mches in 


are cut out of trees' in large groves and 
are truriced or shipped to the mills for 
proeesring. They average about 50 
pounds m weight, but may weigh as 
much pounds, and contain a very 
high pmii^tage of water when har- 
vust^ 'Suds of the above sise are pref- 
eiabiy <fi>tained from trees six to eight 
ynars <idd. Although their removal re- 
sists in the death of the trees, a grove of 
palmettos may be eystematioally har- 
vested every three to five years, since re- 
moval of the larger trees gives more sun- 
lit^ and nourishment to-, the email trees 
in ^ undergrowth, resulting in an area 


length, but mainly about 24 indies. 
Fjjber at the butts of the boots -is coarser 
than at the tips. Further, plants grow- 
ing in swamps have pof^sildy coarser 
fiber than those growing 6ti higher dry 
ground. Yellowish brown is considered 
the best color, although mpeh fiber may 
be a deep brown. Yields of fiber vary, 
dep^dif^ somewhat on the .ivator con- 
tout, a ihoist bud containii^ about 5% . 
dry fiber. ^ 

The fiber is largely used for brushes in 
breweries, creameries, citrus factories, 
etc., where it is dadred because it re- 
mains stiff in hot water and caustics and 


beommng eyriimske productive after the 
firsi ‘and second cutting than at the * %»<* 
original cutting! not'4id‘^ 

vested from many old gro\;m llfiire tkr 
palms are v^,.tiill. If thh papn trunk 
j|/taUer tha^ ^ feet it is cpninjilmpd tpi' 
-ipofimiuoal trWwest it, tree 





the -buds 
|||i^t;tqa 'Jbiys, -bn^' jn 
l^paya'.df ''i^toruge k 
imjdidryii^. 4^ 


does not softm end become a mop, as 
occurs with some brudi fibers. Its chief 
competitor iu this field is Palmyra, a 
brush fibm* imported into the '[Jnited 
States from India where it is obtained 
from the Palmyra palm, Boraesus fkheU 
Ufer L. Pafihutto fiber is also used ex- 
to^vriy in Urhidi;.br(Kpns. 

"jk%.pelmetto his been uti- 
il||#<:'lhakly' .ibriiiih -fibers it has a 
number of other ndnor tises. In prepag% 
ing the there is auHne waite 

material obipBlId in bombiii!g and shred- 
dii^, and some 

This warin fihW'haa 
ii#d fim -tq^i ho hrthcy,’ kut- hide ^ is 
i|»d |or thiat ptnpoM at present. The 
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waste has been used also for bulk heads 
for docks, and has been suggested as a 
substitute for coir in matting. How- 
ever, one manufacturer who tried the 
waste stated that it is not so flexible nor 
so strong as coir. 

The buds of 8ahdl palmetto have been 
prized by the Seminole Indians as an 
article of food, for which purpose they 
are boiled after being removed and 
trimmed. They are pickled and pre- 
served in Florida at present to a limited 
extent. The terminal tufts of young 
uncurled leaves are removed by the Semi- 
nole Indians to ship to churches for use 
on Palm Sunday. Removal of the leaves 
for this purpose does not kill the plant 
as does removal of the bud. Handicraft 
specialists of the Florida State Markets 
have encouraged use of the leaves for 
basketry. In some cases the entire leaf 
is made into a fan, but in other cases the 
segments of the leaf are stripped length- 
wise into strips about a half inch wide, 
which may be dyed and then woven in||o 
baskets or similar articles. The leal^ 
have also been shredded and used ^ 
some extent for stuffing cheap mattressil; 
and as a substitute for hair in plastering 
and stucco work. They have also been 
used as a substitute for broomcorn for 
brooms, and at one time a company was 
organized to make twines and rugs from 
shredded segments of th# let ves. 

The rootstocks contsln tannin, and 
various efforts have beer^ade to extract 
this component feu* use inclining leather, 
but thus far the work hiis not proved to 
be profltable. The troiiks are used for 
small wharves or docks, because it is 
stated that they are practically immune 
to injury from the teredo, a water mol- 
lusk that bores into other woods used in 
salt water. 

Saw Pa]ini|Mo 

The comnmn saw plbnetto, Iferenoa 
repont (Bartr,) Small, is found through- 
out the State of Florida, in southern 
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Georgia and to some extent in Alabama, 
Louisiana and South Carolina. It usu- 
ally grows on uncultivated tracts or in 
the undergrowth of pine lands. It is a 
low shrub usually with a recumbent 
trunk that frequently may be jusb under 
the sou. The leaf stalks are slender but 
bordered with small sharp spines. The 
leaves are fan-shaped. 

Many attempts have been made to uti- 
lize this plant to somO economic advan- 
tage. The leaves and stem flbers have 
been used to some extent in the past as 
an upholsterer’s filler, in brushes and in 
plaster, but no extensive utilization of 
importance has developed. 

The berries are employed in medicine 
and have been collected and handled by 
one or two firms in Florida. Their 
value is believed to be low, and just cov- 
ers the cost of collecting. 

During World War II a factory was 
erected in Florida to utilize the pulp 
fk>iu the root-like trunks in cartridge 
plugs' And for wall board. The fiber 
/•Imoved from the trunks was experi- 
. mentally prepared for cordage, but by 
abaca akd sisal standards it was of low 
gride for that purpose. 


Spartina Grass 

In the United States the most impor-; 
tant broom or brush fiber plant material 
is broom corn of which there is grown 
annually approximately 300,000 acres 
that produce 40,000 tons of broom ma- 
terial. The brooms are used in nearly 
every household, and in many industrial 
mills. Spartina grass from Florida, 
Louisiana and Missouri, nolina shredded 
leaves from New Mexico and rice straw 
of domestic origin are substitutes for 
broom com. Utilization of the last two 
is sporadic, but Spartina grass appar- 
ently has been able to compete year after 
year until it deserves the name of an 
industry. 

This plkii^ sporfi^ (Trin.) 

-Merr., is thtit in large 
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dibh$e Ddthout rbiKOines; tbe ctUms 
ave stoui^ me to two metera tall ; bladea 
mhe luin^w^ firm, sfronigly involute; 
gy^es are g^mrt and appreaaed, dosely 
imbrt^te, fanning a dense cylindric 
infloreseenee 10 to 30 em. long; spike- 
lets are closely, imbricate, six to eig^ 
mm. long; glumes are bispid-ciliate on 
the keel, the first shorter than the lemma, 



’‘''W , .i , ' ' jk ' 'i 

fio.,,!.. A' hale «f fiten ehta&i|ft fzem Spar- 
tins' jpmw, t0‘‘hd oaed pri- 

a nmplile tot broom eora in the 

nlimt Js'mBtnMb^'-iA 

ai|d''‘,m<dM |Kim4^''njear' 

iiM aiartaia have 

^m^!k$8l. 




indicate that they may have potential 
high value for paper. The conolusi<»is 
of an analysis by a paper mill at Qain<^, 
Illinois, in 1906 was that spartina fiber 
was superior to esparto, Siipa tenada- 
sima L., for paper. The mill at Quincy 
used from 3,000 to 7,000 tons annually 
for making box-board at the beginning of 
the 20th centurj’. 

Laigre areas of spartina are found near 
Titusville, and on Meritt Island, Florida, 
where the grass has been utilized^ for 
many years. It has been collected to 
some extent between Lakeposrt and 
Brighton, Florida. It enlMtitutes for 
broom com in the center of tiie broom, 
and utilusation i%thi8 capacity has been 
primarily in p#|^s when broom com 
was high priced. 

.^rangements are made with land 
owtiers where this wild gvass may be 
found in lai^e stands for penidBBiQn to 
harvest it. In some eases the lease right 
amounts to 50^ per tOn for the privilege 
of harvesting. The harves^ng may be 
and is^rformed the whole year round. 
In tli^ t^ei^ect it difters frmn the'harvest- 
ing of liilissouri grass or ‘*Sippey”, 
Spartim pectinata Link., vdiieh is har- 
vested seasonally for a fe# weeks in the 
summer in Missouri. In Florida the old 
stands are burned over in order to get a 
new growth of -green culms without a 
mixture of older culms. It requires 
about 90 days fmr a new growth after 
burning before harvesting. After two 
or three harvestings the stand is believed 
to he poormr. Om uidands in the vicinity 
of Titusville the stands may be weedier. 
As fmr as is known, the grass has not 
eultivateld, althont^ plans to con- 
Idi^t itests toward tiiat end have bem 
tiade. Tufts c^ered fpir several m<mths 
witliwatm’die. ^ 

. Harvrating is performed with, a hanid ' 
riride. La floi^ the hpuriwetma 
ceived tl.7$ 1|I10 iNim^ 0 ^ 

inAo sedit^l ^. 'TarelaUrvest^ 
j^;W.Ojpe i^.^half.t^'Of dt^^ealma 
After .the ealiiiB.'hre < 
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placed on top of the stubble of the tuft 
to dry. Drying and curing require about 
a week, after which the harvesters place 
the culms in large bundles, cover the 
bundles with burlap and then carry them 
to the nearest road. In soiitheastern 
Louisiana the hairesting methods were 
the same a number of years ago, but 
the grass, 8, pectinata, after harvesting 
was moved by small barges to the near- 
est highway. The harvesters were forced 
to wear hip boots and were unable to cut 
during high tides, as the grass was then 
partly under water. 

The advantage of collecting spartina 
in the area between Lakeport and 
Brighton, Florida, has been that it may 
be harvested with a binder, a practice 
that is permitted by drj’ ground in more 
accessible areas. 

Hand harvesters, to facilitate bund- 
ling, have been observed to use a light 
wooden saw horse with projecting up- 
right legs on which burlap was stretched 
and the straw then placed upon the bui:- 
lap. The harvester’s job is compl^ 
when he carries the dry straw to a road- 
way, whence it is trucked to warehouse. 
There, in crude, inexpensive but effectiw 
presses, it is made into cylindrical bales, 
pressure being applied by tightening 
ropes around the straw. The bales weigh 
about 220 pounds and are 36 inches long 
and about 28 inches in diameter. The 
straw is placed in the ba^, on.' handful 
at a time, alternating she heads with 
respect to direction. T» loose ends' of 
grass sticking out at tte ends of the 
cylindrical bales are cut elf with a pairof 
garden or hedge ^ears, and the bale ends 
may be pounded even, with a large 
wooden paddle, on one side of which 
there are pins to make a hackle. The 
hackle is usM in straightening any 
crooked culms. .j? 

A brif^t colored stis^ is preferred. 
Periods of wet weather ^ken the colbr. 
The enims, while flat about three* 
eighths inch wide during growth; ^eml 
uposi hamsdr«.. The l^nda gmhs hto 


wider leaves than the Louisiana and Mis- 
souri grasses and has been said to be 
slightly less wearable. In brooms, used 
mainly in the northeastern States, it 
makes up over 50% of the broom sur- 
rounded by broomcom on the outside, 
and usually sells for about one-third the 
price of broomcom. The total produc- 
tion for Florida is approximately 90 
freight cars in good years. Before the 



Fra. 2. A bar of Fuller’s teasal, ViptaeuB 
fvllonum, the ripened flower heads of which 
have long been used in Europe and Ameriw 
to raise the nap of cloth. 

war a car held ten tons, but during the 
war cars were loaded to 14 tons. ' 

This grass is known in the Florida 
area as “switch grass”, and it may grow 
mixed with a sedge, Fimhristylis cos- 
tmea (Michx.) Vahl, which may account 
for 8% of the total production. The 
sedge is considered to be of better qual- 
ity than the spartina. 

Teasds 
libd part 
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textile fabrics, for which purpose they 
are cultivated to form a small but highly 
specialized agricultural industry. The 
stilt, needle-like, modified leaf bracts 
which form below the flowers in the head 
or bur make the bur of value in textile 
manufacturing where the needles of the 
bur are used to raise the “nap” or 
“pile” of the cloth to produce desired 
finishes on specific fabrics. The soft 
warmth of blankets may partly result 
from such a finish. Before the develop- 
ment of machines and steel pins in combs, 
the woolen industry dressed all cloth 
with teasels, but today steel brushes are 
used for raising the nap on most fabrics. 
However, teasels have not been entirely 
discarded, and they are cultivated and 
produced in Europe and to some extent 
in this country to serve an essential need. 
Teasel burs have been stated to be su- 
perior to steel combs for very fine cloths 
and wb^re the nap is raised under damp 
conditions that may cause steel pins to 
rust. Steel combs are too rigid and do 
not have the “give” of the teasels. 

The teasel plant, Dipsacus fuUonum. L., 
is called Puller’s or Draper’s teasel. It 
is not native to the United States but to 
southern Europe. Rarely is it found 
growing wild near woolen miljs in our 
eastern States. It differs from the wild, 
common or card teasel, Dipsacus sylves- 
tris Mill., naturalized from Europe and 
found in manj' waste areas in the United 
States, by having hooked scales or spines 
and not straight ones, f The plants are 
biennial, producing burs or flower heads 
the next year after the sieeds have been 
planted. The plants the first year are 
leafy and ^ow about a foot high, but the 
second year fruiting, prickly, erect shoots 
grow up five to seven feet, tall. It is 
upon the ends of these shoots and their 
lateral branches, which arO eiicouraged, 
that the burs are formed. 

T«|Mtds are cultivated principally in 
Oen^ny, France, Spain, England and 
the^nited States. However, they con- 
stiti^te a relatively minor industry in 


these countries, and a crop failure in one 
country would affect the available sup- 
plies and prices in other countries. It 
has been reported that teasels have been 
raised near the town of Skaneateles, New 
York, since the year 1840, and in Oregon 
since 1900, Domestic teasels have to 
compete in the market with foreign 
teasels, normally imported from Prance, 
and must overcome the inherent tradi- 
tion in manj'^ old mill men that foreign 
products are superior to our own. 

The quality of teasel is measured by 
its elasticity or “give”, weight or size, 
retention of spines, wearing qualities and 
brittleness. These characteristics are 
believed to be greatly influenced by 
planting seed of a projier variety and by 
selection of a growing region having 
favorable soils and climatic conditions. 
Dry harvest' seasons are generally pre- 
ferred wherever teasels are grown, for 
such weather insures not only proper 
maturing of the burs on the plant but 
curing after harvest. Nature has been 
credited with curing the burs better than 
can be achieved by artificial drying. 
On the other hand, moderate or ample 
rainfall is desirable during the spring 
and early summer. Long periods of 
incessant rains or damp weather cause 
water to lodge in the bracts of the bur, 
which creates a weakening if not a rot- 
ting of the bur. Variability of the 
weather results in the quality of the 
teasels vaiying from year to year. In 
general, the climates where teasels are 
grown in Europe and Oregon are milder 
than in our northern States. The teasel- 
growing seasons in the vicinities of Mar- 
seilles, Prance; around Valencia and 
Alicante, Spain ; Somersetshire, Eng- 
land; and to some extent in Oregon are 
relatively long, which seems to insure 
maximum development of the burs the 
second year, differing from the quick 
growing season due to late winters which 
are experienced in many northern 
r^ions. 

Teasels are generally grown on 
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medium to heavy soils that often are not be very detrimental to the teasels, 

calcareous. In England the soil is de- The corn at harvest is cut to leave a tall 

scribed as a rich heavy clay soil. In stalk that serves to collect and hold snow 

New York they are cultivated on slopes to protect the teasel plants from winter 

having heavy soils but soils with ade- killing. In some eases only one-third of 

quate drainage. Some are grown upon the area planned for teasels is sown in 

lighter soils, but such soils may have rows. The small seedlings thinned out 

much silt and available sub-surface mois- from this planting are sufficient to plant 

ture, as occurs on the silt bottoms of the the remaining two-thirds of the field. 

Rhone river in France. Soil drainage Approximately one to two pecks of seed 

and freedom from weeds have been are sown per acre. Although a great 
stressed by growers. deal is not known in reference to cultural 
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Fig. 3. Teasels after harvesting are dried in well ventilated barns. They are placed in 
layers three or four inches deep upon numerous scaffolds. 

Plantir^ may be in bjwis from which practices, some growers have preferred 
the small seedlings are later transplanted to grow teasels after corn or beans. This 
to the field. In other cases tin* seed is would result in clean cultivation the 
planted directly in rows approximately previous year to help eliminate weeds 
three feet apart which are adapted to from crowding out the small teasel seed- 
cultivation using standard farm equip- lings that follow. Fall wheat can easily 
meut. The plants are later thinned in follow teasels. The second year the 
the row to spacings of 10 to 12 inches main teasel stems may be cut off two feet 
between plants. If planted in beds the above the ground to cause branching to 
seedlings are later transplanted in rows insure greater production of burs, 
three feet apart and spaced 10 to 12 The burs are harvested by cutting 
inches in the rows. Corn has been recom- them off, together with three to four 
mended for planting in the same row inches of the stoai. It is usually neces- 
with the teasels the first year. This in- sary to go pvw -ttie field two or three 
sures some return the first year and may times, or in cases v' ^ ^imes, because 
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they ripen unevenly. They are collected 
in large baskets which when filled may 
be emptied on large rack-type wagons 
for hauling to the drjdng sheds. The 
drying sheds provide adequate ventila- 
tion, as the teasels are spread in thin 
depths, two to three inches deep, upon 
numerous racks or scatfolds. Such dry- 
ing prevents heating and rotting of the 
burs. A deteriorated bur when placed 
in contact with cloth might lose its hooks, 
making it useless. Harvesting should 
begin as soon as possible after the blos- 
soms have fallen, about the first of Au- 
gust, for at this time seeds at the bottom 
of the head are almost mature. The 
harvester needs a sharp knife or shears 
and wears gloves to protect his hands. 

-The main stalk produces the largest 
and strongest tea.sel, known as .the 
“king”, the main terminal branches 
produc^/the “queen” teasels of medium 
size, an& the smallest ones gi’owing on 
secondary branches are called “button” 
teasels. It is necessary for the producer 
to sort his teasels and grade them for 
size in order to satisfy market demands 
and for the performance of different de- 
grees of work. _ Con.sidering the climatic 
and soil restrictions, and the great 
amount of labor in planting or trans- 
planting the crop, cultivation for two 
years, hand harvesting several times, the 
special equipment for drying and sort- 
ing and marketing to a small competitive 
market, the production of teasels is a 
highly specialized activity that does not 
attract the average farmer. Those who 
have grow^ teasels for many years have 
been successful, but they have had their 
lean years, as would be experienced with 
other crops. 

The yield of teasels in /some cases is 
recorded in nmnbers and in other eases 
by weight. Each is influenced to some 
extent by the size of the burs resulting 
frq^ the variety grown. Yields of 
lQp,000 to 200^000 heads per acre have 
been r^pcarted. The smaller number is 
for Amexxca. In weight the average 


yield under favorable conditions may 
vary from 800 to 1,500 pounds of heads 
per acre. 

The price varies in accordance with 
the demand. When the fashions cause 
an increased demand for broadcloths 
there is a correspondingly increased de- 
mand for teasels, or if serges and rough 
■woolens are in favor, there is less demand 
for teasels. Normally the largest pro- 
ducer of a dozen or more growers has 
cultivated less than a hundred acres of 
teasels each year in the United States. 

The United States Department of Com- 
merce reports that our imports were in 
1934, 13,767 pounds of teasels valued at 
$4,090; in 1939, 48,962 pounds valued at 
$8,610, all from Prance ; and as a result 
of the war only 1,041 pounds in 1942 
valued at $504, which all came from 
Argentina. 

In use the teasels are arranged on a 
cylinder in such a way that the cloth 
passes slowly over them while the cyl- 
inder or “gig”, as it is called, revolves. 
Thus the recurved hooks catch the fibers 
of the cloth, causing them to stand up 
from the surface to foi^ a nap which 
may be sheared to brin|| ijt to a uniform 
length. Great cafe h^ fo be taken in 
mounting the tejssi^s sbv^hey ■will work 
uniformly and not produce stripiness by 
bearing heavier on the fabric at one point 
than at another. The teasel hook is 
strong enough for the work and yet 
elastic enough to “give” before break- 
ing the cloth. Teasels are used for rais- 
ing the nap on verj’- fine woolen cloth 
such as broadcloth, high quality over- 
coating, camelhair topcoats, high quality 
woolen blankets, billiard cloth, piano 
cloth and many other industrial fabrics. 

One additional , use should be men- 
tioned for teasels, as many people are 
possibly more faipiliar with the use of 
them in dry floral wreaths than by 
woolen manufacturers. Floral teasels 
are- colored for dry wreaths, and the 
price has been about a third of the price 
of burs sold to clothing manufacturers. 
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Drug Plants in Oregon and Southern California 
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native medicinal plants may well serve as the basis 
of an American crude drug industry. 
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Introduction 

Natuke has <mclow«l the Pacitic Slope 
of the United States with unusually 
favorable climate aud soils for plant 
jrrowth. Throughout this vast region 
which extends from Mexico to Canada 
there is an abundance of varied, plant 
life, including a number of important 
drug plants, some of which are native to 
the Pacific Coast States and others of 
which have been introduced there. Some 
of the native plants abound only in the 
woods aud on the hillsides; others are 
also under cultivation in certain locali- 
ties. A few commercial projects in the 
area have developed into worthwhile pro- 
portions, but the Pacific Coast as a whole 
is still a virgin field from the standpoint 
of scientific investigation and develop- 
ment of medicinal j>lant resources. The 
potential possibilities for a crude drug 
industry in the area shoul 1 be unlimited. 


Surveys under the auspices of the 
Committee on Botany and Pharmacog- 
nosy of the National Research Council 
and by chemurgic committees show an 
impre.ssive list of significant native wild 
medicinal and allied economically im- 
portant plants. This article considers 
only the regions where these surveys have 
been completed, namely, Oregon and 
southern California. Similar studies in 
northern California and the State of 
Washington are still in progress. A few 
of the more important plants which 
thrive in the region covered by the sur- 
veys so far, either growing in their 
native habitats or being cultivated suc- 
cessfully on a commercial basis, are 
cascara, ginseng, goldenseal, belladonna, 
peppermint, flax, barberry, juniper and 
ergot. More specifically, the natural dis- 
tribution, abundance and uses of these, 
and preparations of the drugs which 
they provide, may be listed as follows: 


Native Wild Medicinal Plants of Oregon by Counties 


BAKER COUNTY 

Arctostaphylos Uva-ursi (L.) 

Spreiigel 

Berberis 

Chimaphila nmhellata (L.) Baiton 


Dry north slopes 

Most wooded slopes 
North slopes, higher eleva- 
tions 


Not abundant 

Not abundant 
Not abundant 


BKNTON COUNTY 
Berberis 

Cytisus scopariiis (Ij.) Link 
Digitalis purpurea L. 

Bhamnus Purskiana De Cnndolle 


Wooded slopes 
Waste lands, central to west- 
ern area 

Western half of (bounty, 
woodlands, roadsides 
Throughout foothills of 
Coast Bange 
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Not abundant 
Fairly abundant 

Fairly abundant 

Fairly abundant 



58 


ECONOMIC BOTANY 


CLATSOP COUNTY 
Berheris 

Cytiaua scoparius (L.) Link 
Digitalis purpurea L. 

Bhamnus Purshiana De Candolle 


General over county 
Western part of county 
General over county 
Scattered generally over 
county, more abundant in 
eastern part 


Abundant 
Abundant 
Abundant 
Quite abundant 


COLUMBIA COUNTY 
Berheris 

Cytisus sooparius (L.) Link 

Digitalis purpurea L. 

Bhamnus Purshiana De Candolle 


Rich woodlands and cut-over 
lands 

Cut-over lands and northern 
part of county 
Northern part 
Rich, moist woodlands 


Abundant 

Abundant 

Abundant 

Abundant 



GeograpUcally the State is divided into two diviidons, commonly known as Eastern and West- 
ern Oregon, indicated by the line AB or Cascade range of mountains. Eastern Oregon has dry 
summers ai^ cold winters. Western Oregon has temperate summers and mild winters wuth an 
abundance of rainfall from October to Why. 

dimatologically the State is sub-4ivided into six sections: Coast Region, Southern Region, 
Willamette Valley, Columbia Bgiin, Blue Mountain Division and Central Oregon. 


Abundant 

Fairly abundant 

Scarce 

Abundant 


COOS COUNTY 
Berheris 


^ytisuh hcoparius (L.) Link 

DigUalis purpurea L. 
fihamnus Purshiana De Candolle General over county 


General distribution on 
higher land 

General distribution on 
sandy and glade land 
Woodland slopes 
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CURRY COUNTY 

Arctostaphylos Vva-ursi (L.) 
Sprengel 


Berheris 

Chimaphila umhellata (L.) Barton 
Cytiftvs scopariuH (L.) Link 


Digitalis purpurea L. 


Mhamuus Purshiana De Candolle 


All parts of county; on 
poorer lands and ridges 
not capable of producing 
timber 

On burnt-over areas and 
range land 

Occurs on higher ridges 
Ouly where introduced as or- 
namental shrub, spreads to 
wild state if not controlled 
All parts of county, on open 
and range lands, along 
roads, rivers, etc. 
Throughout county in all 
areas of better soil 


DESCHUTES COUNTY 

Berberis Dry woods, western part of 

county 

Chimaphila umhellata (L.) Barton Dry woods, western part of 

county 


DOUGLAS COUNTY 
Berheris 

Chimaphila umhellata (T^.) Barton 

Cytisus scoparius (L.) Link 
Digitalis purpurea L. 


Jthamnus Purshiana De Candolle 


Tn all sections of county 
Higher elevations on west 
slope of Cascades 
In coast and Elkton areas 
West of Range 8, moist 
lands, usually found on 
west slope of coast range 
West of Range 7, moist 
wood lands, scattered east 
of Range 8 but not in 
(piantity 


GRANT COUNTY 

Arctostaphylos Uva-ursi (L.) 

Sprengel 

Berheris 

Chimaphila umhellata (L.) Barton 
Ehamnus Purshiana De (Candolle 


Semi-dry, yellow pine woods 

Moist to semi-dry woods 
In Jack Pine country 
Rich, moist woodlands 


HARNEY COUNTY 
Berheris 


Small amount scattered over 
northern end of county 


JOSEPHINE COUNTY 

Arctostaphylos Uva-ursi (L.j Moist shady woods 

Sprengel 

Berheris Forest along stream banks 

Chimaphila umhellata (L.) Barton Forest on high mountain 

sides and top of peaks 


Digitalis purpurea (L.) 


Woods and hillsides 


Ehamnus Purshiana De Candolle W’oods along stream banks 


KLAMATH COUNTY 
Berheris 


Entire county north aikd 
west of Klami^ Falls, 
moist woodlands^ 


Very abundant 

Abundant 

Not abundant 
Not abundant 

Very abundant 

Abundant 

Not abundant 
Abundant 

Abundant 
Not abundant 

Not abundant 
Abundant 

Abundant, often localized 


Fairly abundant 

Abundant 
Abundant 
Not abundant 


Scarce 


Variously scattered, south 
and west parts 
Abundant 

Plentiful in southern and 
southwestern part ; also 
northern part of county 
Very few in northern and 
eastern parts 
Nearly extinct, few re- 
maining have been 
peeled or killed 


Fairly abundant 
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Apooynum androaaemifoUum L. 
Biyerside, San Bei:nardino 

Apocynum cannahinum L. 
var. glahernmtm DC. 

San Diego, Los Angeles, 
Biverside 

Aralia calif ornica Wats. 
Biverside, Orange 


At 6,500-9,500 feet, San Bernar- Occasional 
dino Mts. 


Laguna Mts., Palomar Mts., San Occasional 
Bernardino Mts., San Fernando 
Valley 

Shaded cdnyons, 2,500-5,000 feet. Moderately abundant 

south face of San Bernardino 
and San Gabriel Mts., Santa 
Ana Mts. and northward 



SOUTHEBN CALIFOBNIA 


The counties in which surveys of Mild medicinal plants have been completed. 


Arctium Lappa L. 

Biversiae 

Sparingly naturalised as at Biver- 
side 

Not abundant 

Arctoaiaphylos glatwa Lindl. 

Western counties 

Mountain foothills up to 3,500 feet 
(sometimes higher) ; to central 
California 

Abundant 

Br<M8iQa Kaher (DC) Wheeler 



San Bernardino, Biverside 

Claremont, Upland, Moreno, Beau- 
mont, Coachella 

Not abundant 

Brasaiea j%mcea (L.) Cserniaew 

4 » 


/ Biverside 

San Bernardino Valley 

Moderately abundant 

Brassica nigra (L.) Koch. 

Western counties 

On dry slopes and in valley grain 
fields 

Moderately abundant 
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Cannabis sativa L. 

San Diego, San Bernardino 
Carthamns tinctorius L. 

Los Angeles 
Centaurea Cyanus L. 

Chenopodium ambrosioidcs L. 
var. aniheVminiicum (L.) 
Gray 

Coast counties 

Chimaphila umbellata (L.) Bar- 
ton, also var. occidcntalis 
Blake 

Riverside, Han Bernardino 


Cichoriim Jutybim L. 

Los Angeles, San Diego 

Coni urn maculatum L. 

San Bernardino, Los 
Angeles 

Coriandrum saiivum L. 

Los Angeles, San Diego 

Cor7im calif ornica Mey. 


Oornvs glabrata Benth. 

Riverside, San Diego, Ven- 
tura 


Cornus Kuttallii And. 

Han Diego, Riverside, San 
Bernardino 


Datura Stramonium L. 

Los Angeles 

Datura Tatula L., also D, mri- 
eloides Dunal 
San Bernardino, Los 
Angeles 

Dryopteris Filix-inas (L.) 
Schott. 

Riverside 

Eriodicyton californicum (Hook 
& Am.) Torr. var lanatum 
Brand. 

Riverside, San Diego 


Upland, San Diego 
Antelope valley 
Escape from gardens 


Frequent, damp places, western 
slopes of mountains, into valleys 


On dry slopes in shade, at 7,000 
to 10,000 feet, San Jacinto Mts. 
(north fork of Tahquitz Creek, 
Dark Canyon) and San Bernar- 
dino Mts. (Dollar Lake region) 

Low waste places, orchards, vacant 
lots 

In moist places (San Bernardino, 
Pasadena, El Monte, Los An- 
geles, Long Beach) 

Escapes from gardens (San Diego, 
Los Angeles, Anaheim) 

Along streams and underbrush of 
mountain regions, up to 7,000 
feet ; to central and northern 
(\‘iliforni{i 

Rare in So. Calif., Warners Hot 
Spring, Hemet Valley in San 
Jacinto Mts., Mt. Pinos, near 
Gaviota Pass; to northern Calif. 

In damp places in mountains at 
4,000-7,000 feet (Cuyamacas, 
l^aloinars, Dark Canyon of San 
Jac'nto Mts., San Bernardino 
Mts., Cascade Canyon in San 
• rabriel Mts.) 

H.jjita Monica, Playa del Rev 


Han Bernardino north of Clare- 
mont, San Dimas Canyon 


Holcomb valley, San Bernardino 
Mts. 


Mountains along western edge of 
Colorado Desert, from Santa 
Rosa Mts. south 


Moderately abundant 
Not abundant 
Not abundant 

Abundant 

Moderately abundant 


Moderately abundant 
Not abundant 


Occasional 

Occasional 


Not abundant 


Occasional 


Occasional 

Not abundant 

Not abundant 


Moderately abundant 
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Euphorbia Lathyrus L. 
Eiverside 


Foeniculum vulgar e Gaertn. 

Western counties 
Fremontia calif arnica Torr. 
Riverside, San Bernardino, 
Kern, Los Angeles 


Fumaria officinalis L. 

San Bernardino, Riverside 

Galium anguMfoUum Nutt. 
Kern, San Louis Obispo, 
Santa Barbara 


Galium Aparine L. 
San Bernardino 


Garry a Fremontii Torr. 

San Diego, Orange 

Grindelia hirsutula Hook & Arn. 
var. suhiniegra Steyermark 
Ventura 

Grindelia robusta Nutt. 

Orange, Santa Barbara 


Grindelia squarrosa (Pursh) 
Dunal var. serrulata (Rydb.) 
Steyermark 
Los Angeles, Kern 

Hedeoma ihymoides Gray 
San Bernardino 

Helianthus annuus L. 


Lobelia eardinalis L. 

San Diego, Los Angeles 
Malva sylvestris L. 

San Bernardino 

Marrubium vnlgare L. 


Mentha arvensis L. 

San Bernardino, Riverside, 
San Diego 


In damp waste places, San Jose 
hills, San Antonio Canyon, San 
Jacinto River 

Waste places in mountain valleys 

Dry slopes at 3,000-6,000 feet, 
occasional western edge Colo- 
rado Desert and southern slopes 
San Bernardino and San Gabriel 
Mts.; more abundant on slopes 
bordering western half of Mo- 
have Desert; north to central 
Calif. 

Orchard weed, Ontario, Upland, 
Banning 

Common on dry slopes and among 
underbrush, below 6,000 feet, 
west of the Sierra range to 
coast 

On shaded banks below 7,500 feet : 
on the islands off the coast ; occa- 
sional on deserts (Pro^'idence 
Mts.) 

Central (^alif., also in Laguna Mts. 
and Santa Ana Mts. 


0])en hillsides; vicinity of Ojai 

Clay soil of coastal slopes and 
flats, and wet places on coastal 
mesas and low ground, from 
Orange Co. north to Santa Bar- 
bara Co.; around Santa Barbara 


Desert slopes of San Gabriel Mts. 
and Antelope Valley 

Dr}' slopes at 3,000-5,000 feet in 
Providence and Clark Mts. 

Common as weed in waste places 
and old fields 

In boggy places below' 6,000 feet 

Sparingly escaped from gardens, 
(Redlands) 

Common weed in old fields and 
waste places, throughout state 

Marshy places, San Bernardino, 
Riverside, Cuyamaca Mts. 


Occasional 

Moderately abundant 
Moderately abundant 


Occasional 

Moderately abundant 


Occasional 


Not abundant 

Moderately abundant 
M odera tely a bunda ut 


Mciderately abundant 
Not abundant 

Abundant 

Occasional 
Not abundant 

Moderately abundant 

Not abundant 
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Mentha citraia Ehrh. 

San Bernardino, Riverside 

Escaped from gardens, mecca, San 

Abundant 

Mentha piperita L. 

JjOS Angeles 

Bernardino 

In moist places, near Los Angeles; 

Not abundant 

Mcntiia apicala L. 

Coast counties 

also Bay region 

In wet jilaces 

M odera tely a bundant 

Nepeta Cataria L. 

San Bernardino, Riverside, 

Waste i)laccs in Oak Glen, San 

Moderately abundant 

Los Angeles 

Bernardino, Riverside, Claremont 


riantago lanceolata Jj. 

% 


(^oast counties 

Weed in lawns and waste places; 

Abundant 

riantago major L. 

pest in pastures 

We(‘d in moist places 

Abundant 

Portidara olrracea L. 

W<»ed ill low or waste places 

Abundant 

Prunella vulgaris L. 

Naturalized in lawns 

M oderatcly abundant 

Fhamnus calif arnica Iiiscli. 
Riverside 

In canyons and washes and in un- 

Abundant 

lUius glabra 1^. 

Riverside 

dergrounds, up to 7,000 feet on 
south slopes of San Bernaidino 
and San Gabriel Mts. through 
western wet slo])es to Mendocino 
County 

In Chino (^inyon, S' li Jacinto Mts. 

Not abundant 

Jkiruius communis L. 

San Louis Obispo, Santa 

Frequent in waat(‘ ]) laces, mountain 

Moderately abundant 

Barbara, Ventura 

foothills and valleys 


Jtumf.r Act ioscUa L. 

Wi'stern counties 

Damp grassy places in the moun- 

Abundant 

Pumt.r crisp us L. 

Western counties 

tains and along coast 

Troublesome weed in low wast(* 

.\ bundant 

Saponaria officinahs L. 

}»laces 

Escaped from old gardens, espe- 

Moderately abundant 

Senecio vulgaris 1^. 

cially in cool damp ] daces 

Orcliard and gar<ien weed, as well 

A bundant 

Stgra.r tjficinalis Tj. var. ful- 
ve scans Muuz & Joliusou 

as waste places 


San Diego, San Bernardino, 

1‘artly shaded slopes below 5,000 

Occasiojial 

Los Angeles, Santa Bar- 

feet in Poster, Mesa Grande, 


bara 

Heiishaw Dam, Palomar Mts., 



Trabuco Canyon; canyon above 
San Bernardino, Glendale, Santa 


Tamarix gallica L. 

Los Angeles, Sail Bernar- 

Ynez Mts. 

Dunes and in washes, San Gabriel 

Moderately abundant 

s dino. Riverside, Imperial, 

River, Wilmington, Ontario, Fur- 

Inyo 

nace Creek (Death Valley), Sal- 


Vcrbasmim Thapsus L. 

ton Sea, Thousand Palms 


San Diego 

Moist places, Palomar Mts., 

.Abundant 


throughout state 
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Uses of the Wild Medicinal Plants Listed in the Foregoing Survey 


GENUS 

PAIITS USED 

PREPAR VTIONS 

therapeutic 




QUA lilTlES I- 

Acacia 

Exudation from stems 
and branches 

Mucilage, infusion 

Demulcent, emusifying 
agent 

Achillea 

Entire plant 

Infusion 

Aromatic bitter, dia- 
phoretic 

Adiant'um 

Fronds 

Syrup, infusion 

Demulcent, stimulant, ex- 
pectorant 

Anethum 

Fruit 

Oil 

Stimulant, aromatic, car- 
minative 

Apium 

Fruit 

Oil 

Stimulant, condiment 

Apocynum 

Tul)orous roots 

Tincture, liniment 

Stimulant to sensory 
nerv(‘s, depressant 

Aralia 

Rliizonies, roots 

Compound syrup 

Stimulant, diaphoretic, 
alterative 

Arctium 

Root 

Fluidextract 

Diaphoretic, diuretic, 
alterative 

Arciostaphylos 

Leaf 

Fluidextract 

Diuretic, mild disinfec- 
tant to urinary tract 

Berheris 

Rhizome and roots 

Fluidextract 

Ritter tonic 

Brassica 

Seeds 

Oil 

Rubefacient, counter- 
irritant, stimulant, con- 
diment 

Cannabis 

Flowering tops 

Extract, fluidextract* 

Cerebral stimulant, anal- 
gesic, narcotic, sedative 

Carthawvs. 

Florets 

Infusion 

Diaphoretic, laxative, dye 

Centaur ea i 

Entire plant 

Infusion 

Mild astringent 

Chenopodium 

Fruits, tops 

Oil 

Anthelmintic 

ChimapMla 

• 

Leaf 

Fluidextract 

Diuretic, astringent, mild 
disinfectant to urinary 
tract 

Cichorium 

Rhizomes, roots 

Infusion 

Simple bitter, laxative, 
diuretic 

Conium 

Unripe fruit 

Extract 

Motor depressant, 
anodyne 

Coriandrum 

Fruit 

Oil 

Aromatic stimulant, cor- 
rective, condiment 

Cornus 

Root-bark 

Fluidextract 

Tonic, astringent 

Cytims 

Dried tops 

Infusion, Sparteine 

Diuretic in dropsy, car- 
diac deiiressant 

Datura 

Leaves, flowering tops 

Extract fluidextract, 
tincture 

Relax bi^chial muscles, 
asthma, anodyne 

Digitaiia 

Leaves 

Tincture, powder 

Cardiac stimulant, tonic, 
diuretic 

DryopterU 

Rliizome, stijies 

Oleoresin 

Taenifuge, anthelmintic 

Eriodictyon 

Leaves 

Fluidextract, aromatic 
syrni) 

Expectorant, mask bitter 
tastes 

Euphorbia 

Entire plant 

Fluidextract, com- 
pound Elixir 

In asthma preparations 

Foeniculum 

Fruit 

* Oil 

Stimulant, carminative, 
gaketagofue, condi- 
ment 

Fremontia 

Outer barky inner bark 

Poultice 

Demulcent 

Fumaria 

Leaves, juice 

Infusion 

Tonic, diuretic, laxative, 
eholagogue 

Gatium , 

Entire plant 

Infusion 

Diuretic, mild laxative, 
refrigerant 

Garrya] 

l^ves 

Infusion 

Tonic, antiperiodic 
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GENXTB 

PARTS nSEl) 

PREP \RATIONS 

TIIERAPEI’TIC 

qualities! 

Grindclia 

Leaves, flowering tops 

Fluidextract 

stimulating expectorant 
in bronchitis 

llvdroma 

Leaves, tops 

Infusion 

Stimulant, carminative, 
eininenagogue 

TIrlianthus 

Flowers, sccmIs, leaves 

Tincture 

Hitter tonic, astiingent 

Lobelia 

Leav(*s, tops 

Fluidextrac't, tinct ure 

Kx])ectorant in asthma 
and bronchitis 

Malva 

Leaves 

Infusion, tincture 

Demulcent, emollient 

y arruhium 

Leaves, flow(‘ring tojis 

Infusion 

Hitter tonic, expectorant 

Menfha 

L(*af (herb) 

Oil 

(‘arminative, flavoring 
agent 

Xepria 

a i i 

( ( 

1 ( 

Plan taf/o 

Seed 

Mucilage 

1 )(‘mulc(mt, emollient, 
laxative 

Vortidaca 

Herb, seeds 

Infusion 

Mild diuretic 

Prunella 

Herb 

Infusion 

Aromatic, astringent, bit- 
ter 

Tonic, laxative, purgative 

Phamtius 

Hark 

Fluid(‘xtract 

Phios 

Fruit 

Infusion, gargle 

Astringent, refrigerant 

Pi cm us 

Hean (seed) 

Fa.stor oil 

Purgative, lubricant 

Pu mex 

Rhizome, roots 

Fluidextract 

Purgative, laxative, sto- 
machic, toni( 

Sapouana 

Root 

Alcoholic solutions 

Detergent, discutieiit 

Si'uectO 

Plant (herb) 

Fluidextract 

Mild astringent, counter- 
irritant, emmenagogue 

Sip rax 

Fxudation 

(’ompound tincture 

Anti.sept ic, ex]>ectfM*ant 

Taiuarix 

Fxudation 

Inf US’ i‘ 

Laxative 

If rhascum 

L(‘aves 

Fluidextract 

Demulcent, emollient 


1 Tlu* tlionqM'utio ('lasses of drugs mentioned in this article represent agents used for the fol- 
lowing ]>ur|io8es, according to Voungken’s “Textbook of Pharmacognosy” or the “Xew Standard 
l)i('tioriary ” j h^d.] : 


Alterative: to change gradually the nutritive 
processes and bodily hal)itH to a normal statt*. 

Analg<'sic: to allay i>ain by depressing the 
sensory nerve centers. 

Anodyne: to produce relief from pain by action 
on the sensory nervous system. 

Anthelmintic: to expel or kill intestinal worms. 

Antiperiodic : to modify or pre\ *nt return of 
malarial fever. 

Antiseptb*: to inhibit, check the growth of, or 
kill microorganisms on living t -.-me. 

Astringont : to shrink, blanche wrinkle or 
harden tissue, diminish secretions and exu- 
dates, and coagulate blood. 

(Viriniuative : to expel gas aiid re ieve colic. 

Oholagogtie: to stimulate emptying of the gall 
bladder and tlow^ of bile into the duodenum. 

Condiment: to season or give relish to food. 

(brrective: to correct or render more pleasant 
the action of other remedies, especially purga- 
tives. 

Oounterirritant : to cause irritation of the part 
to which it is applied and to draw blood away 
from a deep sedated area. 

Demulcent; to soothe and protect mucous mem- 
branes. 


l>e]»ressant : to lessen functional activity. 

Detergent: to cleanse morbid parts, as granu- 
lating wounds and ulcers. 

Diaphoretic: to increa.se perspiration. 

Discutieiit: to scatter swellings. 

Diuretic: to increase flow* of urine. 

Eininenagogue : to reestablish or iiicrea.se men- 
strual flow'. 

Emollient: to soften and jirotect the skin. 

Exp(*ctorant : to cause expuhsion of mucous 
from the respiratory tract. 

(h'llactagogue : to increase lacteal secretion. 

Narcotic: to relieve distress and induce sleep. 

Kefrigeraiit : to allay thirst and give a sensa- 
tion of coolness. 

Rubefacient : to produce mild irritation accom- 
]»anied by reddening when applied to the 
skin. 

Sedative: to allay excitement and soothe the 
system. 

Stimulant: to increase functional activity. 

Stomachic: to stimulate appetite and gastric 
secretion. 

Taeiiifuge: to expel tapew'orms. 

Tonic; to stimulate restoration of tone to 
muscle tissue* 



68 


ECONOMIC BOTANY 


Drug Plants Under Cultivation on the 
Pacific Coast 

While this article is concerned pri- 
marily with the wild sources of medicinal 
plants in the area covered, a brief ac- 
count is called for with respect to the 
attempts so far to bring these plants 
under cultivation as the beginning of an 
American crude drug industry. 

The importance of the development 
and the future outlook of such aii indus- 
try in the region depend to a great extent 
upon economic conditions in this post- 
war period. The war has had its in- 
fluence in stimulating interest in de- 
veloping, native jilant resources, and has 
inspired experimentation with intro- 
duced plants from foreign countries. As 
a rule, these undertakings have been 
sponsored by or fostered through Ex- 
periment Stations, Universities or Col- 
leges, Cl*? through cooperative research 
with the manufacturing industry or the 
Government. The projects are restricted 
to tested localities, where .some have 
progressed into thriving undertakings, 
and they may be briefly surveyed as 
follows. 

In California drug and condiment pro- 
duction has been largely sponsored by 
the California State Department of Edu- 
cation, the Agricultural College and the 
California Polytechnic School of San 
Luis Obispo. The existing condiment 
crops of the State* are mustard, caraway, 
marjoram, poppy, sage, ■pai)rika, sweet 
basil, thyme, rosemary and summer 
savory. They are being grown on several 
thousand acres, and the plantings will 
probably increase as long as favorable 
prices prevail. Some other plants, e,g., 
senna and licorice, have undergone ex- 
tensive experimentation in southern 
California Also, small ^kperimental 
plots of anise, dill, fennel, coriander, 


celery, cumin and certain of the mints 
have been laid out. During the war 
period approximately 125 acres of pyre- 
thrum were under cultivation. 

Commercial development of more na- 
tive and introduced plants should be 
worthy of consideration. For instance, 
eucalyptus, an early introduction to 
create windbreaks, could undoubtedly be 
utilized for oil of eucalyptus production, 
and the castor plant, a horticultural in- 
trt)duction and the source of castor oil, 
should offer promising adventvire for the 
agriculturist. The drug agar is being 
commercially obtained from .seaweeds 
and has already become the basis of an 
industry of considerable size. 

Among native wild medicinal plants in 
tile Northwest worthy of attention are 
Cascara, scotdibroom, digitalis, berberis, 
juniper and ergot, found growing on the 
range lands of southeastern Oregon, 
The latest .statistics of commercial plant- 
lings of medicinal and allied crops in the 
State, showing aiiproximati* State totals 
in acreage, are as follows : 


AHeniisia 

.. 20 

Belladonna 

10 

(\iraway 

5 

(’aseani 

20 

("oriander 

10 

Dill 

1100 

Flaxseed 

2000 


Uinseiifir 

2r> 

Goldenseal . 

25 

Lavender 

1 

Mustard 

3000 

Peppermint . 

4500 

Pyretbrum 

00 

Huge ... 

13 


In the State of Washi,tvi^ton extensive 
ginseng and goldenseal plantings have 
been developed, particularly in the 
Skagit River valley, and production of 
cascara has also been studied. 

Commercial development of the native 
plant resources in the Pacific Northwest 
is, however, still in its infancy, but 
nature has so splendidly prepared the 
foundation that the region could develop 
a promising future industry in the pro- 
duction of crude drugs. 



Seaweed Resources of North America 
and Their Utilization' 

From the coasts oi Nova Scotia, Maine, Massachu- 
setts, North Carolina, California and Lower Califor- 
nia, seaweeds are harvested that yield agar, algin, 
carrageenin and iridophycin for industrial use. 

C. K. TSENG 

Scripps InsiUtition of Oceanography, La .ToUa, California 


Introduction 

For afj:os, before tlie advent of white 
men, the American Indians on the 
Pacific CofUit {Jfathered seaweed for food, 
and since the latter ])art of the last cen- 
tury, tlie ('hinese residents in California 
have also rejrularly harvested them for 
the same purpose. On the Massachu- 
setts coast, the collecting' of Irish moss 
has been an established industry for over 
a century, and for many years East 
Coast dulse has been sporadically oii sale 
in the markets of Boston, IMiiladelphia 
and New Vork. Utilization of the sea- 
weed resources of North America, there- 
fore, is not a wholly ivcent matter, but 
until latel.v the harvesting’ and utiliza- 
tion of these marine plants in America 
were of a rather primitive and spora<lic 
nature. No concerted eftV rt \ as made 
to exploit them on an iiniustiial scale, 
and it took one World War after another 
to place American seaweed industries on 
a firm industrial footinfr. These indus- 
tries and the natural sni'plies of sea- 
weeds upon which they are founded, as 

' (Joutributioii from tlie Scripiis Institution 
of Oceniioffrnpliy, New Series, No. 311. 

The writer wishes to thank the tollowing for 
their valuable information and help: Mr. S. H. 
Dado of the California Division of Fish and 
Game, Dr. H. .T. Tfumm of the Duke University 
Marine Laboratory, Mr. Bennet I’reble of the 
Kalva Corporation, Mr. E. S. .Tcrtson of the 
Krim-Ko Corporation, and Mr. L. K. Snmll of 
the American Agar and Chemiojil Company. 


well as the utilization of those resources, 
are discussed in this article. 

America’s Seaweed Industries 

Potash, Acetone, Kelpchar, Iodine. 

Short l,v before and dnriu" World War 
T there was a .serious shortage of potash 
in the United States, since the supply of 
this chemical, so vitally important in 
modern scientific agriculture, at that 
time came entirely from Germany. Sev- 
eral domestic sources of jiotash Avere soon 
dcA'cIopcd, hoAvcA’cr, through the con- 
certed efforts of the United States Gov- 
ernment and of ])riA'ate industry. One 
of these sources Avas the California i ca- 
weed known as the “giant kelp” (Macro- 
cysti.^ pyrifcra (Turn.) Ag.). For the 
duration of World AVar I, this kelj) re- 
mained second only to natural brines as 
a source of American potash. Through a 
unicpie fermentation process, acetone and 
calcium acetate for the manufacture of 
smokeless poAvder were also derived from 
Macrocyst in. Two other valuable chem- 
ical products, iodine and a bleaching car- 
bon known as “keljichar’’, Avere also 
obtained. 

The Pacific kelp industry thus pros- 
pered for a few years, with as many as 
ten factories engaged in the production 
of potash, acetone, kelpchar and iodine 
from the California giant kelp. The 
kelp factory of tic Hercules Powder 
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Company alouo handled as much as 24,- 
000 tons of fresh kelp per month. ]\Ie- 
chanieal harvesters were devised for cnt- 
ting the kelp, and production of potash 
and other chemicals was a feat of mod- 
ern chemical engineering. Thus, under 
the stimulus of war, utilization of kelp 
became M'ell established as a modern in- 
dustry within two or three yeai’s. This 
potash-from-kelp industry was, however, 
short-lived, and immediately upon cessa- 
tion of hostilities, all the kelp factories 
suspended operation. Since then the 
American potash-from-kelp industry has 
not been revived; most probably it will 
never return, since potash, iodine and 
acetone can now be obtained more 
cheaply from sources other than sea- 
weeds. 

Algin. The Pacific kelp industry, 
however, came back in other forms in 
the late |930’s and is now engaged prin- 
cipally ill the production of algin. This 
is a valuable colloidal substance occurring 
in many brown algae, especially kelps, 
and is extensively employed in modern 
food and other industries in America. In 
recent years the common Atlantic kelps. 
Laminaria digitata Lamour (horsetail 
kelp) and L. saccharina (L.) Lamour 
(broadleaf kelp), have also been utilized 
in the manufacture of algin, and today 
the annual production of algin in Amer- 
ica is estimated at two to three million 
pounds. 

Agar. In the recent 'war there was 
no longer a shortage of potash or acetone. 
There was, however, a shortage of an- 
other important material, agar, which is 
vitally needed in public health work. 
Agar is derived from red seaweeds, 
chiefly from members of thjB genuis Ge- 
lidiim. Most of it eame.-'fttWft Japan 
prior to the outbreak in the 

Pacific. Although iti.has been manufac- 
tured in the Unhibd States since 1919, 
domestic agitf production amounted to 
only a small, percentage of the total 
American consumption. Until the out- 


break of the war, America’s agar indus- 
try w’as not successful, principally be- 
cause of keen Japanese competition and 
of the high cost of production. The in- 
dustry greatly expanded, however, dur- 
ing AVorld War II, and there were five 
factories engaged in producing this vital 
jiroduct during the war. Production at ' 
its peak reachetl 165,954 pounds in one 
year. At present, however, only three 
concerns are still active in processing 
agar. The .seaweeds used are agarweed, 
Gelidium cartilagineum (L.) Gaill. from 
California and Baja California, Mexico, 
on the Pacific Coast, and Gracilaria con- 
fer roides (L.) (Irev. from Beaufort, 
North ('arolina, on the Atlantic. Other 
species of Gelidium, e.g., G. arbrnrscens 
Gard. and G. nudifrons Gard., are em- 
ployed indi.sc’Viminately with the agar- 
weed in agar manufacture. On the 
Atlantic (’oa.st Gracilaria foliifera 
(Foi*ssk. ) Borgs, is similarly used. 

Carrageenin. Although the Irish 
moss industry may claim to be the oldest 
seeweed in<lustry in America, it is only 
in recent years that it has been estab- 
lished as a modern industry. Formerly 
the indu.stry amounted mainly to har- 
ve.sting and preparing the seawee<l 
Chondrus crkpus (L.) Stackh. and sell- 
ing it as a crudely cured and partially 
bleached “nioss”. The buyer had to ex- 
tract the colloid carragfjenin by boiling 
the .seaweed in and straining the 

solution through cheese cloth. In the 
late 1930 ’s the industry started to i)ro- 
duce carrageenin in the form of a puri- 
fied dry powder, but production in large 
quantities was not achieved until the last 
few years. At present at least four firms 
are engaged in producing this product 
and about half a million pounds were 
prepared in 1945. The 1946 production 
was expected to reach 800,000 pounds. 
The “moss” is collected and cured 
mainly in Massachusetts, Maine and the 
Canadian Maritime Provinces, and the 
dried black or bleache<l “moss” is sent 
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to Soitiiate, Mass., Passaic, N. J., or Chi- 
capro, 111., for the extraction and prepa- 
ration of carrafteenin. 

Iridophycin. Production of the sea- 
weed colloids or ))h.vcocolloids — alprin, 
aprar. carrapreenin — con.stitiite the tliree 
princii)al seaweed industricK in America. 
Since 1945 one firm has been enfrapred in 
the production of a fourth phycocolloid. 
iridophycin, from Iridophycua flaccidum 
Setch. & Gard. and /. splcndftis Setch & 
(lard, which are harvested from tlie Cali- 
fornia and Orep:ou coasts. The most im- 
])ortant non-colloid product is kelp meal 
which is either made into kelp tablets 
for human consumption or mixed with 
alfalfa and other .substances into animal 
feed.s. The California "iant kelj). Macro- 
ci/siis pyrifera, and the bladder keli). 
.\crcucy.siix Lactkeatia (Mert.) Post. & 
Rupr., are both used for this purpose. 

Food. Durinpr World War II, the 
leafy parts of the bladder kelp were har- 
vested and dried to serve for food amon<f 
Oriental residents, especially the -lapa- 


)iese in relocation centers, as a substitute 
for the Jaipanese kombu, Laminaria ja- 
ponica Aresch., then unavailable because 
of the war. Roth Javer and dulse are 
still beinpr harvested for human consump- 
tion. 

Fip:ure 1 is a systematic arraiifrement 
of the useful American seaweeds and 
their products in recent years. 

America’s Seaweed Resources 

America’s resources of useful seaweeds 
may be {trouped, as indicated in the ac- 
com])anyinp: diap:ram, into keli)s, agaro- 
])hytes, carrageens, and other red sea- 
weeds. 

Kelps. The most valuable seaweed 
resource in America is undoubtedly the 
^^reat abundance of kelps. It is not in- 
ai)propriate, therefore, to remark on the 
orijrin and usa^e of the term ‘‘kelp”. In 
the early part of the eighteenth century 
it *vas discovered in Scotland, at a time 
when there was a great demand for soda 
ash in the manufacture of soap and glass, 
tliat if seaweeds were burned their ash 
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was a good source of soda. A seaweed-ash 
industry was thus born in Scotland and 
Ireland which was lucrative and impor- 
tant from about 1720 to 1830. To applj”^ 
to the then valuable seaweed ash, a word 
of unknown origin, “kelp” was used. 
In the British Isles the meaning of this 
word has remained unchanged. The first 
application of the word to seaweeds 
themselves, rather than to the ash, ap- 
pears to have been to an edible New Zea- 
land seaweed called “Bull Kelp” which 


applied to Macrocystu pyrifera and two 
others. Eventually they were merely 
calletl “kelp”. As it .is used among 
botanists nowadays, “kelp” refers to all 
meinbers of the brown algal order Lami- 
nariales with large, flat, leaf-like fronds, 
although occasionally one finds the word 
loosely and erroneously used in ap])lica- 
tion to seaweeds generally. 

Pour species of kelp are utilizwl in 
America, two giant kelps on the Pacific 
and two smaller kelps on the Atlantic 



FlO. 2. I Tltree Amcricttn kelpH of commerriul importuiu'c. The broadlcaf kelp (lAtminttria 
sacoharina) and the horsetail kelp (L. digiiata), at the left and center, are Htjth found along the 
East Coast, available in commercial quantities north of Caj>e Cod. At the tVght is a verv young 
plant of the California giant kelp (Ma<-rocy»tis pyrifera) which forma extensive Iteds from Cedros 
Island, Mexico, to Point (lenco^on, California. Th«w three kt*lps are the American sourees of 
algin, used in a variety of ways described in this article. {Covrtrgy «/ Dr. H’illiam Sandolph 
Taylor, of the Sdentifie Monthly and of the Journal of The A’ctr York Holanical Garden. } 


“has a thick stem, and flat oval-shaped 
leaf, and is about the thickness of sole- 
leather”. Later this kelp was id^mtified 
with Lammaria poiaiorym Lamour, a 
synonym of Durvillea antarctica (Cham. ) 
Hariot. When the word “ktdp” became 
known in America in the latter part of 
the last century, it was applied to certain 
Ikrge brown seaweeds, and Nereocystis 
Luetkeana of the Pacific Coast became 
“giant kelp”, which term was later also 


seaboard. Among them the most impor- 
tant is undoubtedly the California giant 
kelp, Macrocyntiy pyrifera. 

Macrocystis. While there are two spe- 
cies of Mfutrocysius on the American 
Pacific Coast, M. pyrifera is the oul.v one 
commercially utilized in the algin and 
kelp meal industries, the other species 
being available only in small (|uantities. 
The former is a truly “giant” kelp, 
and is undoubtedly the largest seaweed 
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known. While it has been reported by 
earlier authors to attain the enormous 
length of 1,000 feet, on the American 
Pacific Coast the largest plant ever actu- 
ally measured and recorded was about 
140 feet long. A perennial plant, it 
grows on rocky bottoms free from shift- 
ing sand, 25 to 90 feet below the water 
surface. It grows best in places where 
there is a continuous swell; and where 


This giant kelp attaches itself to rocks 
by means of a large conical holdfast, 
eomjjosed of long, densely compacted, 
branched haptera. It has a stipe which 
is usually four or five times forked near 
the base. The branches of the stipe bear 
blades unilaterally at regular intervals. 
New lateral blades are formed by asym- 
metrical splitting of the terminal blade 
from base to apex. Each mature lateral 
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Fio. .1, Fronds 'tof thi California giant kelp {Marrorytilh pynfcra) floating on water near 
Laguim Beaeh, Cal. (Cow I'ny of Ihr JJ. S. Fish 4’ ll’ilillifc Sirvicr and of iho Journal of Thr 
Kftv Yorl- fioianiral Garden.) 


environmental conditions arc favorable, 
it forms extensive beds from a few hun- 
dred yards to two or three miles wide 
and .several miles long. From Cedros 
Island, Baja California, in the south, to 
Point Conception, California, in the 
north, it is practically the only constit- 
uent of the kelp beds. Northward it is 
a minor component of the beds along the 
coast from central California to south- 
eastern Alaska. 


blade has a short stalk, and a subglobose 
to spindle-shaped baisal pneumatocyst or 
air bladder. The blade is lanceolate, un- 
divided, uj) to 80 cm. long and 40 cm. 
broad, and has an irregularly corrugated 
surface with denticulate margins. 

In the early days of the American kelj) 
industry macrocystis was gathered from 
the beach where it was washed ashore, or 
whole clumps ile.struetively pulled up by 
means of a cabl< nd hoist ; or the fronds 
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were dragged into a skiff with a hook 
and cut off M*ith a long knife. All these 
methods required too much labor and 
were too inefficient for an American in- 
dustry to be successful. The mechanical 
harvester which was later devised solved 
the labor problem and contributed 
greatly to the success of the Pacific kelp 
industry. 

A mechanical kelp harvester is a motor- 
run barge equipped with a modified mow- 
fng machine, having a horizontal cutting 
blade at a depth of about four feet and 
an endless chain elevator which hoists 
the kelp on board. The harvesting ma- 
chine is placed in the bow. with the blade 
cutting directly ahead of the boat. The 



Fig. 4. A kelp harvester of the Heretiles 
Powder Company during World War I. 
(CovrfCKp of the Hercules Pmcdrr Companp.) 


knife is considerably shorter than the 
beam of the boat, and is generally 10 to 
20 feet wide. The elevator is as broad 
as the swath. Its lower sprocket wheels 
are immediately back of the cutter bar. 
and it is driven at rather high spml. 
so as to pick up the cut kelp before the 
waves wash it away. A knife at each 
side of the elevator, and parallel with it, 
serves as an edging devu'cse to cut the kelp 
clear at the sides. Such a barge can har- 
vest and calTv* a« much as 300 tdius in a 
single load.' Harvesting is carried out in 
calm weather throughout the year. By 
cutting the beds in rotation, they can be 
periotilieally worked, and a sustained 
yield is assured. 


• There are no figures available as to the 
cost of harvesting the giant kelp, since 
kelp firms operate their own harvesters 
and do not purchase help from outside 
sources. Estimates have been placed be- 
tween two and five dollars per ton of 
fresh kelp. 

Nereocystis. Of the three other giant 
kelps, K ereocysti'S Luetkeana. the bladder 
kelp, also known as the “ribbon kelp”, 
is the only one commercially exploited, al- 
though to a much less extent than macro- 
cystis. Although an annual, nereocystis 
grows to gigantic size within a year, 
plants over 100 feet long being reported, 
and forms extensive beds like those of 
macro<'ystis. The plant has a hemispher- 
ical holdfast consisting of densely com- 
pacted branched haptera, and an elou- 
gate<l, subcylhidrical stipe, gradually 
broadening upward and terminating in 
a subglobose pneumatocyst. the apex of 
which bears four short flattened four or 
five times dichotomous branches. Theise 
bear 32 to 64 long linear uu<Uvide»l 
smooth blades w’hich may be over ten 
feet long and one foot broad. 

It has been re|)orted that mwhanical 
technique was used in cutting the uereo- 
cystis in the Puget Sound area during 
World War I. Utilization of the bladder 
kelp, however, has never been on a large 
scale, and it is highly doubtful that me- 
chanical harv'esting could j|)le carried out 
economically on small wale <»peratious. 
Along the central California coast, at 
Ifonterey and other nearby regions, the 
rather ancient metho<l of reaping the 
kelp by hand with large scythes from 
s<fows has been used. 

During World War II, large quanti- 
ties of this kelp were harvestM for food 
as substitute for the Japanese kombu 
(LtmfyMria japonka), only the leafy 
parts of the fronds being utilized. The 
war-time production was about 100 tons 
of the dried nereocystis per annum. Be- 
ing thinner and less tasty than the Japa- 
nese kombus, the bladder kelp is con- 
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skli'red inferior iii quality, and its pro- 
duet ion was terminated shortly after 
eessation of hostilities in the Pacific. 
Dried leafy parts of the bladder kelp 
eotst ahont $400 per ton. 

Pacific Kelp Beds. Thanks to the ex- 
tensive surveys of the kelp beds alon^ 
the Pacific C’oast of North America con- 
ducted by the Tnited States Department 
of A'rricultnre in the years 1911-191:1. 
we have a fairly jrood knowledfre of their 
approximate size, location and produc- 
tivity at that time. The followinjr table 
summarizes the result of this investi- 
{ratiou : 


Conception the predominant constituent 
of kelp beds was Nereocystis, wdth 
Maerwystis and Alarm in minor quan- 
tities. Survey of the coa.st alou" south- 
eas'eru Alaska was incomplete and cov- 
ered perhaps less than half of the region. 
Cameron therefon* added an additional 
estimate to allow for the region not sur- 
veyed. 

The foregoing 1911-1913 estimate of 
kelp supplies in the Pacific beds was un- 
doubtedly much too high, for later har- 
vestings yielded less than 10% of the 
estimated amount. There are plentiful 
kelps growing in places where, for one 
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AKKA A.Nl) I'KODCCTIVITY OF PACIFIC KkI.P HEDS 
(('<)iii|»nc<I from data of Cameron, Crandall, Frve and Rigg, 1915) 






('onstituonts of the beds, % 


Area 

I'^resh kelp 


. . 


— 

sq. miles 

tons 

^fapr(h 

Mac. -f- 

AVreo- 

AVr. - 




bUs 

AVr. 


Ala. 

(’(‘tiros Ishind, MfX- 







i(‘o. to Sail l>io|i(o, 







< alif. 

UL.'in 

l(i.979.800 

1 10(1 




Sail Diego to Point 





1 


(’oiu*t‘p< ioi. 



1 100 


1 


Point (’oiiception to 







Pape Flattery 

36.24 

4,377,400 

It 

7 

76 


IMiget Sound 

6.00 

520,000 

Minor 


Alajor 


Soutiieast Alaska 

70.78 

7,833,000 

1 l.S 


78 


Soutlieast Alaska 



1 


i 


((‘stiinated I 

70.78 

7,833,000 



! 

1 


AVestern AXlaska 

17.80 

3,567,000 



1 •■5'’ 

33 

Total 1 

380.9‘ 

.•9..305,r>()0 



1 

1 



A laria 


12 


It is to be noted that tl survey in- 
cluded three kinds of giant kelp, 
namely. i\lacrocysti.<t pyrifera, Xereo- 
cysiis Luetkeana and Ataria fistulosa 
Post. & Hupr. In the fii’st and second 
regions the kelp beds consisted jirae- 
tically entirel.v of macrocystis, with some 
Pclayophycus porra (Leman) Setch. 
the elk kelp, in scattered groups along 
the outer edge of the beds. Macrocystis 
being a perennial plant, determination 
of the .\-ield of such beds was based on 
two cuttings per annum. North of Point 


reason or another, it is not economically 
practical to harvest them. Actual cut- 
ting of macrocystis in the .vears 1916- 
1920. between San Diego and Point Con- 
ception, showed the highest annual .vield 
at 394,974 tons in 1917. which amount 
was slightl.v over 2'/f of the e.stimate. 

Wohnus in 1942 made a careful sur- 
ve.4’ of the three kelp beds in the region 
between La Jolla ami San Diego. Cali- 
fornia. He found a considerable de- 
erea.se in area since the 1911 and 1934 
survey.s (Table 11). 
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The numbering of the beds is based on 
the official kelp chart of the California 
State Fish and Game Commission. Ac- 
cording to Wohnus (personal communi- 
cation), the -1911 figures were obtained 
by measuring the areas of the kelp beds 
on the maps prepared by Crandall. 
The 1934 data were based on the Coast 


have not yet regained the extensive 
growth described in previous surveys, 
there are a few regions in which kelp 
is now growing where it had not been 
reported previously. Wohnus believed 
that, with care and proper regulation, 
the supply of kelp can be maintained 
and the present yield increased. 
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Flo. 5. FronAi of the bull or bladder kelp 
of Puget Sound. (Courteity of Dr, Sohert H, 
Botanical Oarden.) 

and Geodetic Survey map, in which the 
outlines of these California coastal kelp 
beds were indicated. Concerning the 
general condition of the beds. Wohnus 
stated that there were definite signs of 
improvement. Although in some areas, 
such as beds No. 2 and 3, the plants 


(KereoeyntUi Luotheana) floating on tlio waters 
Tsehudy and of ike Journal of The Xeip York 

Kelp Production in California. Tabu- 
lated monthly records of the actual kelp 
production in California during and 
immediately after World War I have 
been published. Large scale harvesting 
started in August, 1916 and stopped in 
November, 1918, Commercial cutting of 
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TABLE II 

(IHANGKK IN AREAS IN STATUTE MlUKS OF THREE KEEP 15EI)S IN THE La JoEI.A-SAN DiEOO BEOION 


Bed 

No. 

Year 

A rea 

M<j. statute 
miles 

(’halite over 1911 

Change over 1934 

Remarks 

Actual 

area 

chaufjc 

Per 

cent of 
change 

Actual 

area 

change 

Per 
cent of 
change 


3911 

i 1 

1.4 





Heavy 

O 

1934 

0.88 

- 0.52 

-37 



Scattered 


1941 

0.50 

- 0.90 

-00 

- 0.38 

i 

-43 

\ery thin 


1911 

4.08 





Heavy 

3 

1934 

2.77 

- 1.31 

-32 





1941 

2.14 

~ 1.94 

— 47.5 

- 0.03 

— 22.7 

Thin 


1911 

2.1 





Heavy 

4 

1934 

2.0 

d- 0.5 

+ 23.8 





1941 

2.5 

+ 0.4 

-r 19 

-0.1 

- 3.8 

Medium 


tlip kuli). liowpvur, was uoiitiniKHl, al- 
though oil a much smaller scale, for two 
or three years after the war until all the 
ki'lp factories were shut down. The 
Inrjrest annual priKluction was 394,974 
tons in 1917. 

It should be noted tliat the production 
in 1918. namely. 390.863 tons, was only 
for the periial January throufrh October. 
If kelj) was harvested in November ami 
Decemlier, jiroportionally the 1918 pro- 
duction would reach a record liiph of 
about 500,000 tons. Since cuttings were 
made in places more accessible and closer 


to the operating plants, there were un- 
doubtedly similar quantities of kelps in 
less aeee.ssible places which were not har- 
vested. It is not unreasonable to believe, 
therefore, that the coastal region between 
San Diego and Point Conception, with 
judicial cutting, could produce as much 
as a million tons* per annum, which is 
slightly more than 5' I of the 18,195,300 
tons e.stimated for this region in 1911- 
191.3. On the .same basis, the produc- 
tivity of the Pacific kelp beds may be 
jilaeed at about three million tons per 
annum. 


TABLE III 


Monthly Rec ords or (’aufor ia Eeli* Production, 1916-1920, in Toss op Fresh Kelps 


Month 

1910 ; 

1917 

1918 

1919 

1920 

January 

1,424 

37,100 

43,118 

1,150 

2,130 

Fchruary 

3,310 

33,733 

24,429 

930 

1,770 

March 

3,310 

29,995 

41,916 

1,999 

1,970 

April 

3,310 

24,249 

43,009 

2,101 

1,508 

May 

3,310 

41,711 

45,838 

1,771 

2,432 

June 

3,310 

41,031 

35,022 

877 

2,136 

July . 

3,310 

24,903 

42,084 

1,380 

2,290 

August 

37,784 

25,012 

50,507 

1,565 

1,955 

September 

19,135 

32,739 

35,395 

587 

2,365 

October 

10,720 

35,522 

33,780 

1,791 

1,950 

Xovember 

17,757 

30,582 


1,184 

2,608 

December 

27,857 

31,197 


1,315 

2,284 

Total 

154,537 

394,874 

390,863 

16,613 

25,374 
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Thronffh the kindness of the Cali- 
fornia Division of Pish and Game, the 
writer has obtained monthly records of 
kelps actually harvested in the last six 
years by the kelp industry. Cuttinjr of 


iiifr the peak production years, 1917 and 
1918. 

Regulations. In California persons 
enpafyed in harvestinfr kelp or other 
aquatic plants for commercial purposes 



Fig. 6. Bull or bladder kelp (Nereocynfu Luetlceana). When dried and ground it i« uw'd 
for making kelp pills for buma^ and kelp meal for livestock rations. (Courimy of Dr. Jtohrrt 
H. Titchudy and of the Journal of Tke View York Botanical Garden.) 


macro<|:y8tis is conducted between San 
Diefyp and Point Conception. It is to be 
noted that the present annual kelp har- 
vest averages about 56,000 tons, or only 
slightly more than one tenth of that dur- 


are required to have a license which 
costs them ten dollars per year. In ad- 
dition, there- is a privilege tax on kelps 
and other seaweeds at five cents per ton 
of wet weights. One may also lease kelp 
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beds, luit exceeding 25 square miles in 
area, for a period of 15 years, upon pay- 
ment of $40.00 ])cr square mile. Kelps 
liarvested from leased beds are taxed 
at three cents ])er ton of wet weijilits, in 
addition to the license and leasing fees. 

Laininaria. Two si)ecies of kel|)s are 
utilized oji the Atlantic Coast of North 
America. They are the broadleaf kelp. 
LfDiiiiiana niicchariiia, and the horsetail 
kelp, L. tliyitatd. lioth have a firm hold- 
fast, a <listinct stipe and a larfre broad 
bla<le. simple in the former and dijri- 
tately divided in the latter species. The 


<-ific (‘<»ast. There are no data as to the 
.^ul>ply and harve.st of kelps on the At- 
lantic Coast. We may obtain some idea, 
however, a.s to the amount of kt-ip har- 
vested on the Atlantic (.’oast, on the basis 
of actual alffinate production. A\hich 
amounted to about 300,000 pounds in 
1944. Sijice the two laminarias contain 
on the averafre about 4'^ of al*rin. on the 
basis of fi'esh weifrht. the minimum an- 
nual j)rodnction of fresh kelp should be 
at least 4.000 tons, or slightly lec.s than 
IOC of the current Pacific (_’oast pro- 
duction. There arc reasons to believe. 


TAIILE IV 

Mostiu.v Rkcoros or Cvi.ifok.via Kf.i.c PKomfiiox. liMo-iiM."), ix Toxs or Fkl.-h Kelvs 


Month 

1940 

1941 

.l.'iuuai y 

1,671 

4,417 

Im'Ih'Uji i'v 

2,511 

2,184 

Afa ir li 

3,231 

2,191 

April 

3,200 

3,281 

May 

5,007 

4.112 

.1 lino 

6,283 

5,281 

July 

6,390 

7,274 

August 

6,142 

5,465 

Sejitonihor 

5,426 

3,337 

Octohor 

7,189 

6,733 

\o\onihor 

7,063 

5,810 

1 b'ccinhor 

4,897 

5,632 

Total 

59,010 

55,717 


blade.s are smooth and yellowish to olive 
bi-own and may reach ten feet or more 
in length. They grow on subiittoral 
rocks, a.id occur in cou^ien-ial (|uanti- 
ties froju Ca])e Cod nortnwar v Most of 
the Atlantic kelps used in the algin in- 
dustry come from the waters off Nova 
Scotia. Harvesting is effecied with a 
grapple hauled at a depth of 12 to 15 
feet from a power boat, and to a le&ser 
extent by hand dragging or sickling 
from a dory. The harvesting season ex- 
teiuls from June to December. 

Laminarias do not float on the surface 
of the water. Kelp beds consisting of 
them are therefore not as readily sur- 
veyed as the giant kelp beds of the Pa- 


1942 

1943 

1944 

1945 

5,672 

3,868 

4,256 

3,866 

5,967 

2,928 

2,768 

2,990 

6,514 

3.683 

4,655 

3,090 

4 . 0 : 

4,136 

4,519 

4.372 

5,506 

4,920 

5,007 

5,340 

5,311 

5,846 

5,963 

6,454 

5,715 

5,371 

5,410 

5,882 

5,726 

3,240 

5,509 

5,005 

5,127 

2,323 

3,667 

5,399 

4.417 

3,261 

5,393 

5,863 

3,814 

3,978 

4,352 

6,584 

4,255 

4.414 

1,536 

4,338 

62,102 

4 ', ,968 

53,035 

59,183 

howev 

er. that the potential kelp 

resources 

(if the 

Atlantic Coast arc many 

times the 

above 

estimate. 



Tliere are several species of 1 

juuinaria 

which 

ahoniul on 

the Pacific ( 

’oast, but 


to date, none has been utilized. Com- 
mercial utilization of laminarias, in gen- 
eral. is handiea|)ped by the neees,sity of 
harvesting by 'manual labor, which in- 
creases tremendously the cost of the raw 
material for the industry. If mechanical 
means could be devised to gather them 
economically, there is no doubt that the 
laminaria resources of America could be 
more thoroughly exploited. 

Agarophytes. The two principal 
agarophytes in America are Gch'dium 
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cartilayineum and. GracUaria confer- 
void-es. The. term “agarophyte”. origi- 
nally spelled “agarphyte”, was coined 
by the writer in 1944 to detsignate red 
algae utilized in the manufacture of 
agar, so as to avoid using the term 
“agar” to apply to both the raw material 
an<.l the dried extract. Formerly Ge- 
lidkim was the only grouj) used commer- 
cially in the American agar industry-, 
but when the discoverj' of a rich Gra- 
cUaria resource in the Beaufort, N. C.. 
region was made by Humm in 1942. a 


This plant has a characteristically 
naked stipe, sometimes as much as seven 
cm. in length. It is repeatedly pinnately 
branched and the young branches are 
typically geniculate, i.c., the outer ends 
are almost parallel with branches from 
which they arise. Later the branches, 
usually opposite but sometimes alternate, 
straighten and stand at about a 45® 
angle. The entire plant reminds one of 
the frond <»f a fern and is hence some- 
times known as “«ea-fern”. It grows in 
tufts and attaches itself firmly to the 



FlO. 7. Principal agarophytee used iu the American agar industry, the ('alifunti.% ngarweed 
{Gelidium cartilagineum car. rohuatum, right) and East Coast ngarwe-ed (f>rantarMi eo*ffrvmdra. 
left). (Courteay of U. S. Fifth and Wildlife Servier and of the Journal of The ,Vc*r Tort JBotaoitial 
Garden.) 


new agar indu.stry ba.sed on Gracilaria 
confervoides was bom tm tlie Ea.st Coast. 

GeUdium. The “agarweed” of com- 
merce is the maroon or pnri>bsh-red Cali- 
fornian Cilidium cartihgineum var. ro- 
bmtum Gard. This alga is found in com- 
mercially harvestable quantities in sonth- 
em California and Baja Galifmr^ia^ Mex- 
ico, between Point Conreption in the 
north and Magdalena Bay iu fbe south. 
/Although it grows very well in the Mon- 
terey region along the central (’aliforaia 
eiMu4 its growth there is generally sparae 
and rarely dense enough to warrant eom- 
mereial gathering. 


nteky substratum by numerous rhisoidal 
filaments. While it has been reportetl 
by professional harvesters to reach a 
height of more than five feet, the largest 
specimens seen by the writer were atout 
four feet tall. The plant is generally 
considered to be ban'estable when one 
and a half to two feet iu height. 

GeUdium cartilagineum is typically a 
sublittoral plant, grow'iug from the low- 
est spring tide level to a depth of 40 to 
50 feet. It does not grow in extensive 
beds, as does Macrocyetis pyrifem, but 
is generally found iu comparatively 
small eoneentratiotts, localized on the 
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tops or at the edges of rocks or boulders 
in places where the tidal current is 
strong. Consequently mechanical har- 
vesters for it have not yet been success- 
fully devised, and han'esting has to be 
effected by raking or by diving and 
hand-picking. Raking is, however, rarely 
employed, and is poasible only when the 
water is extremely ealra and rather shal- 
low. Before tlu* war some Japanese har- 
vesters who were experienced in raking 
seaweeds gathered tons of this agaro- 
phyle from the tSaii Pedro breakwater. 
The majority of harvesters dive and 
hand-i)iek the seaweed, and, with a few 
exceptions, use a complete diving rig. 

An agar diving boat i.« generally a 
small fushing boat about HO feet long, 
e<iuii)pe<l with air eomprc>sor and heavy 
rubber hose to supply air for the diver 
while he is working under water. The 
('rew consists of three persons, a boat 
operator, a diver and a life-line tender. 
The last mentioned takes care of the air- 
line and the life-line; the latter is a rope 
with one end tie<l aroumi tlie waist of 
the diver and the other end held tightly 
by the tender. By signals, as iudieatetl 
by the Jiumber of pulls by the diver on 
the rope, the line tender knows whether 
to lift up the harvest or to haul up the 
diver. While generally there is a single 
trained diver in a boat, there may be two. 
In this ease they alternate as life-line 
tender and diver. This s.'stem has the 
advantage of better working eflBcieiicy 
and increases the harvest ])v r dh ing boat 
by m much as 50%. 

While the general location of commer- 
cial (pmntities of agarweed is known to 
the divers, they have to hunt for the par- 
ticular spots where plentiful supplies of 
the plant are available. Generally 
speaking, Geli4iu»f growths are readily 
noticeable by experienced divers, because 
of the pre.senee of the biyozoan Meni- 
branipora on the older parts of the 
plants. Experienced agar harvestei*s 
have also claimed that wherever one finds 


the “goldfish” garibaldi {Hypsypops 
rubwunda) , one may expect to find good 
growths of Gelidium in the near vicinity. 

Since Gelidium grows most abundantly 
around the edges and on the slanting 
surfaces of rocks Jind boulders in places 
where the water is generally turbulent 
and the water movement fa.st, the agar 
diver u.sually has to crawl from one rock 
to another, and occasionally grasps the 
large kelps for support. With one hand 
he carries a basket made of small ropes; 
with tin; other he pulls a bush of the 
agarophyte from the rocks and puts 
it into the basket. When he has filled 
the basket he ties it to his life-line and 
pulls the rope twice. Upon receiving the 
signal, the life-line tender hauls up the 
basketful of agarweed, weighing between 
(iO and 75 pouiuls, and lowers an empty 
one to the diver. When the han^ester is 
tired, he pulls the rope three times, and 
tl e vigilant life-line tender quickly pulls 
him up. 

An experienced diver generally works 
continuously for one to two hours under 
water. Then he comes up for a short 
rest. He may dive two or three times 
a day, working under water for four or 
five hours. The diving boat usually goes 
out iirthe early morning, since the ocean 
is as a rule <juieter in the morning than 
in the late afternoon. The actual diving 
hours average about four per day with 
a single diver and six with two divers on 
tlie same boat. 

The quantity of agarweed that a diver 
can gather per trii> depends upon his 
experience, the condition of the sea and 
the abundance of the Gelidium growths. 
Under the best conditions a diver may 
pull a»i much as one and a half tons of 
fresh agarweed per diving day. For an 
average diver working under the usual 
conditions in southern ('alifornia, how- 
ever, a harvest of 1.500 pounds of fresli 
weed per day is considered very satisfac- 
tory, 

*nie agarweed thus harve.sted is spread 
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on level ground and dried in the sun, but do not grow as luxuriantly as the agar- 

is not washed or bleached, as is done with weed, they are only oiutasionally gath- 

the Japanese tengusa. In California ered. In the drying field and in the 

fresh agarweed is worth about $80, and factory they are generally mixed indis- 
dry about $350, per ton. criiniuately with the agarweed. 

On the Pacific Coast, besides (relidium Two other si)ecie8, Gelidium dcnstim 
cartilagineum, other species of Geiidium Oard. and G. ramidiferum Gard., have 
have also been used occasionally in the also been reporteti tg be used by the (’ali- 

industry. The name “hair-agar” is gen- fornia agar manufacturers, though ap- 

erally applied by the agar divers to parently not in recent years, for the 



^ n/flnr" 




Fig. 8. Drying agarweifd ((SkUdium earlilaniitfuni vnr. robu^m^ tuna }V<acti, 

Calif. {Courteny of V. 8. Fi»K and Wildlife Sfrvur.) 


Geiidium nudifrme and sometimes also 
to Geiidium arhorescens. These have 
thin and hair-like filaments, hence the 
vernaenlar name. They grow in deep 
waters, as does the ag8|;|fee(p„^though in 
somewhat sheltei^d ipiow* They 
f ori^f -iMMil three feet in height. 


feunrested by diving and 
While they produce a 
ix^rior agar, they are consid- 
liatisfictory agar sources. As they 


writer has never found any in the Cali- 
fornia agar firms. While there are sev- 
eral species of Geiidium on the Atlantic 
Coast, 'they are ail too smaH for indus- 
trial use and not available in commercial 
quantities. 

Agarweed Produeium. Production of 
agarweed on the Pacific Coast is rather 
irregular, since diving is a hazardous 
and tiresoine profession, especially div- 
ing for agarweed which has to be pulled 
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from the rocks. Moreover, in places 
where the ajjarweed abounds, abaloiie is 
also found in -larfic (piantities, and ex- 
perienced divers generally i)refer to take 
up the more remunerative abalone div- 
ing. Furthermore, an agar diver can 
work only six or seven mouths a year, 
since it is not feasible, because of heavy 
ground swells, to w(trk under sea during 
the winter and spring months. Conse- 
quently in Calif<»rnia very few people 
are willing to take iq) agar diving as a 
l)rofes.sion. In Baja California. Mexico, 
the conditions are somewhat better, as 
agar diving is comparatively a better job 
than others there. The agarweed also 
grows more luxuriantly in the Mexican 
watei*s. and harvest per M'ork day is 
higher than in California. 

Monthly records of agarweeil har- 
vested in southern California fr<)m 1942 
through 1944 are available through the 
kindness of the California Division of 
Fish and (tame and are presented in tin* 
following table; 

TABLE V 

Monthly .\(3\rvked Prouiction in Sot TiiKKN 
C^AI.lKOK.M \, ]}>42-44, in Po^NI>^, 

AVET WEUiHT 


!Month 

1942 

194J 

1944 

.laiiuiirv 



1,,540 

Folirua ry 


•?O0 

11,801 

March 


21, 

14,114 

A])ril 




May 

10.700 


12,102 

♦I unc 

4(!,000 

10, ' 5 

38,809 

July 

41,000 

25,41*1 

106,287 

Aufjust 

20,400 

102,880 

96,222 

Hc])temlH»r 

t5,0S.5 

21 ;‘>37 

51,515 

October 

9.24.3 

i;i,s20 

125,150 

November 

.•{0.fi22 

7,402 

21,295 

IVcomber 

42,676 


3,200 

Total 

21.'),726 

223,359 

482,221 


The mopthly fluctuation of the harvest 
does not necessarily reflect upon the 
abundance of the weed in the various 
months, since the amounts gathered de- 
pend mostly upon the number of divers 
engaged in the work and the number of 


daj's when the sea was calm enough for 
agar diving. If we take the 1944 figure 
as a more reprosentative one for normal 
jiroduction of agarweed in southern Cali- 
fornia, it is equivalent to about 240 tons 
wet weight, about 80 tons dry weight. 
Of these, about 27 /y came from the coast 
between Newport, Laguna and Dana 
Boinl, about 70'/, from Redondo and 
Point San Vincente, and the remaining 
from La dolla and Point Loma. San 
Diego, based on figures sup})lie(k by The 
American Agar and Chemical Com- 
pany, the largest agar producer in 
America. 

The agarweed re.source of the southern 
California watens is undoubtedly many 
times the 80 tons actually produced in 
1944. since harvesting was then limited 
to only a few places readily accessible 
to diving boats. Wartime restrictions 
prevented operations in numerous places. 
Even in places where agarwectl was 
irathered, probably more gelidium was 
left than was harvested. There are 
reasons to believe that southern Califor- 
nia. if thoroughly but judiciously ex- 
ploited. could yield upwards of 500 tons 
of dry agarweed per anum. 

The majority of gelidium used in in- 
(histry comes from Baja California. 
Me.xico. While data of the Mexican lU’o- 
duction are not available to the writer 
at this moment, they can be easily cal- 
culated from the actual agar ))roduction 
and from the amount of agarweed har- 
vested in California. The 1943 produc- 
tion of agar in California was 105.954 
pounds, and on the average yield of 18 
j>ouuds of agar per 100 j>ounds of tlry 
agarweed, the amount of raw material 
reejuired will amount to 920,(HK) pounds 
or about 460 tons. Since southern Cali- 
fornia produced in 1943 only 223,359 
pounds of wet gelidium. equivalent to 
about 40 tons, dry weight, the ^Mexican 
production should be about 420 tons, or 
about times the California produc- 
tion. 
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Oracilaria. Of the numerous species 
of OracUaria, G. dotifet'voides is the spe- 
cies most extensively employed in agar 
manufacture. It is, however, only in 
recent years that the value of this species 
as a commercial source of agar has been 
duly recognizetl and well established. It 
has been used for years in Japan in mak- 
ing agar, but it has always been a sec- 
ondary source, usetl merely as a supple- 
mentary material. The I’ecent research 
conducted in America by Humm and in 
other countries, including Australia and 
South Africa, has definitely shown that 


low. The plant is dull purplish-red to 
purplish, grayish or greenish translucent. 
It grows best in sheltered bays, especially 
near river estuaries, where the water is 
shallow, the bottom santly to somewhat 
muddy, and the water movement very 
sluggish. Under good environmental 
conditions, in most i)laces, it grows five 
to six feet long in one season. At Beaii-' 
fort, N. C., loose pieew of GracUnria 
have been known to increase ten times in 
weight within two weeks. At Cherry 
Point, Vancouver, Briti.sh Columbia, 
plants 12 feet long are not uncommon. 



Fio. 9. Spreading agarweed [Graeilaria eonffiroxilefi) on wire netting erected a ffpv feet 
above the water gorface for sun drying near Beaufort, N. C. 


Gracilaria has its appropriate place in 
agar manufacture. Extractjon of agar 
from Gracilaria has now pa.ssed from the 
experimental stage to large-scale eont- 
mercial production in Beaufort, North 
Carolina, as well as in Australia and 
South Africa. 

This agarophyte has a bushy frond 
attached by a discoid holdfast to stones, 
pebbles, , shells, etc. The plant body is 
repeatedly divided, alternately branched, 
with, “numerous lateral proliferations. 
1%e hranches are cylindrical throughout. 
0# to 2.0 mm. in diameter, tapering 
gradually above and more abruptly be- 


lli places where Gracilaria confer- 
roidex occurs in commer<*ially harvest- 
able ({uantities, it generally grows and 
accumulates in great louse mas.se«. Har- 
vesting gracilaria is therefore a very 
much simpler matter than harvesting 
Gelidiitm cartUaffineum. It may be col- 
lected by forking it into small boats or 
hand-picked when the tide is low enough. 
The wet gracilaria may hi* sent directly 
to the factor}' for agar processing, or may 
be dried in the sun on wire nettings, 
erected a few feet above water. Humm 
reported that between August 1, 1943, 
and January 1, 1944, 1,000 to 1,500 tons 
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of wet f'raeilai’iH were gathered in the 
vicinity of Beaufort, North Carolina. 
This was estimated to be equivalent to 
150,000 to 200,000 poiinds of dry <rra- 
cilaria, or about 75 to 100 tons. 

(JraciUtrut coiifenu/id^s is a' widely 
distributed, eosniopolitaii seaweed, and 
•rrows in sheltered shallow bays where 
the water temperature is considerably 
raised by solar radiation. It is found 
extensively, therefore. ;ilonjr both coasts. 
In Indian River. Florida, a variety of 
this .species {;r(»ws luxuriantly, fonniiifr 
larfre mats on the eastern side of the bay. 
.\o (piantitative data are available, but 
apparently the ipiantity available is 
niueh more than that in the Beaufttrt 
region, or other ])laees that the writer 
ha.s invest ifrated. (hdciUtria vonfcr- 
ntiilts is also abundant aloiifr the Gulf 
of .Mexico coast.s. although no effort has 
yet been made to <leterniiue its piHtdue- 
lion there. 

On the I’acific Coast this species forms 
beds in San Diciro Bay at Chula Vista. 
California. The productive area is. Iiow- 
••ver. relativi'lv small, and this particular 
bed is ])robabiy able to supply about 100 
tons of fresh ^raeilaria per annum, or 
about 15 ton.s. dry weijrht. Because of 
the lack of extensive shallow sheltered 
bays in southern California, the writer 
was unable to locate any other •rracilaria 
beds besides the one at 'Inda Vista. 
This sj)ecies aj)pareiitly tn.’ives as far 
mirth as the tast coast o’ Vaneouvei 
hslaml, British (.'olumbia. where it prows 
to over 12 feet in lenpth. Growth is 
rather sparse, however, and commercial 
exploitation does not atipear to be 
feasible. 

Besides Gracilana ronfervoidcs. (i. 
fohifvra is also utilized in apar manu- 
facture in the Beaufort. N. (’., repion. 
but is eonisidered inferior to the former 
in quality. It penerally apiiears in early 
summer, just before GracUaria confcr- 
voides. On the Pacific Coast, another 
species, G. Sjostedtii Kylin, prows in 


large quantities on rocks on sandy 
beaches, and might also be utilized in the 
industry, if extensive beds could be 
found. 

Carrageens. The name “carrageen” 
is devned from the coastal town of Car- 
ragheen in tile Iri.sh Free State, and re- 
ferred originally to the seaweed Chon- 
drus crispus, more poinilarly known as 
“Irish moss”. The tenn is now also 
applieil to Gujariinn- stcllafa (Stackh.) 
Batters wliich is commonly harvested 
together with the Irish moss and used 
for similar purpo.scs. It ha.s been sug- 
gested, therefore, to ii.se the term “car- 
rageen” in a generic sense to include 
both Chtnidnis and (li(jarti)ta, and to 
limit “Irish moss” exclusiveh to the 
former. 

Irish Hum. Chondrus crispus is a 
bushy plant with several blades from a 
disk-like holdfast, generally 8 to 15 cm. 
tall, forming loose or often deiuse clumps. 
It has a slender compressed stalk which 
exiiands sharjily into the wedpe-shaped 
base, dividing dichotomously into a fla- 
bellate blade. The individual segments 
vary a good deal, some linear-eompresseil. 
some narrow band-like, and some broad- 
membranous, their breadth varying from 
2 to 15 cm. The I'olor of the plant ranges 
from dark red-pnrjile when shaded or 
growing in deeper wjiters. to greenish 
when growing in shallow jilaces. 

Irish moss grows throughout the j ear 
on rocks, shells or Avoodwork in tide 
jioois and m the intertidal regions down 
to 15 feet or more in depth. The usual 
method of gathering the “mos.s” is to 
hand-piek it when the tide recedes, oi’ 
to rake it from below the water. In 
.Vmeriea the harvesting method is e.ssen- 
tially tlie same ais that of a hundred or 
.so years ago. 

A “moss” harvester does not require 
much ecpiipment He needs a 12-foot 
dory, a pair of oars, a rake, some crude 
fish oil, an anchor and a creel to carry 
the harvest from th- h>ry to land. The 
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rake is the oi^ly special eqiiiimieiit 
needed. It consists of a wooden handle. 
15 to 20 feet long, and a steel strap, mea- 
suring 12 to 15 inches across and having 
24 to 28 teeth. The teeth are six to eight 
inches long, made from quarter-inch, 
scpiare steel tapered towartls the outer 
end, and set, usually by elcctiic welding, 
about one-eighth inch apart. The handle 
is set at an angle of about 75 degrees 
to the teeth. In harvesting the “moss”. 


Ilarveisting is conducted about two 
hours before and after the lowest tide. 
An average harvester during this period 
can gather about 400 pounds of wet 
Irish moss. Under extremely favorable 
conditions as much as 1,200 pounds can 
be harvested by a single person in a day. 
Upon returning to the shore he packs his 
harvest in the wooden creel and carries 
it to the drying fields or sells it immedi- 
ately to the brokers. 



Fig. iO. Chondrm crispuft^ tlu? Irinli niOH« or eiirrnjft'cn of eomiiierec*, the colhM-ting of which 
con8titut08 the oldest seaweed industry in the I'^iiited States. For a century it has t»e<*n harvested 
and sold, chiefly for makiiig hla,ucmaiige. Irately, a eonimereially iisefu) extrnet, carrugeenin, has 
been prepared from it, to ier\^e as a stabilizer in clioeolab* milk, salad dressings, soda fountain 
syrups, cough ajrups, tooth paste, hand lotions, and other products. (Cnitrtaty of Dr, William 
Taylor, of Tk^ Sdemtific Monthly and of thr Journal of The Kew York Botanical Garden,) 


the rake is drawn with the te'*th parallel 
to the bottom along the seaweed bed. 
The stems of the plant slide between the 
teeth and are held tightly The 

rake » then lifted and the "“moss” 
pulled out and thrown into the dory. 
When the water is rough some fish oil 
is poured on the sea to improve visibil- 
ity, thus helping the harvester to locate 
the seaweed beds. 


Irish moss should be cleaned and dried 
as soon as possible to prevent fermenta- 
tion. wliich will produce S p<x)r product, 
and slionld be thoroughly washed free 
from shells, stones and the various types 
of animals acoompanying it. Under 
First Clifif at Scituate, Mass., the opera- 
tors are equipped with a big tank and 
,two motors for curing the seaweed. One 
motor controls the continual flow of 
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water pumped from the ocean which 
spraj’s the “moss” iu the tank, and the 
other turns the giant padtiles that beat 
the plant. From the vat the seaweed 
descends to a picking table of hteel mesh 
that runs as an endless belt. Here tiie 
“moss” is separated from the crabs, 
periwinkles, rock eels, etc., that do not 
come out in the vat. The cleaned Irish 
moss is then transported to the drying 
boards, canvas or wire netting. It is 
thinly .spi’ead, bleached and dried in the 
sun. 

Irish moss is produced in se\eral Enro- 
])ean countries, especially Ireland, Scot- 
land and Prance. Before the war most 
of tin* carrageen and its extract in 
America came from these three sources. 
After the war in Europe started, both 
the Tnited States and Panada acceler- 
ated their production which may now ex- 
ceed the total Euntpean output. 

On the American Atlantic ('oast, 
although ('hondrns crispus occurs from 
.\ew Jersey to Xewf(nuulla»i<l. only cer- 
tain regions have large enough (juanti- 
tics to support commercial harvesting. 
In the Ignited States, Massachusetts and 
Maine are the two carrageen-producing 
.states, and Scituate, Mass., is still the 
cent«*r of Irish moss production, which 
is affording a livelihood for at least JOO 
local people. (Sloucester and (juincy, 
and to a less extent Lynn and Xahant 
in the .same State, are also i MKhndng this 
seaweed. According to o i * processor. 
I>roduction of Irish moss in .scituate and 
nearb\' regions was expected to reach 
half a million pounds dry n eight in 1946. 

('hondrtts crispus is reported to be 
abundant along the entire length of the 
Maine Coast. Although the ]Maine Irish 
nio«s industry is comi^aratively young, 
it is estimated by one i)roce.ssor to have 
produced two million pounds of the fresh 
seaw'ced, or close to 400,000 i»ounds of 
the dry plant in 1944. The present an- 
nual United States production is esti- 
mated by two of the largest producers 
at about five million pounds of fresh or 


close to one million pounds of dry Irish 
tuoss. Irish moss costs about $40 per ton 
when fresh and about $400 when dried 
and bleached. 

In (Janada the great e.st quantity comes 
from Prince Edward Island and the 
mainland from the Gut of Canso to 
Malagash and from Kichibucto to Point 
Eseumiuac, in the southern part of the 
Gulf of St. Lawrence. Large quantities 
also come from the outer coast of Nova 
Scotia, with good ivodueing grounds in 
Yarmouth ('ounty. The annual Cana- 
dian production rose from the prewar 

10.000 pounds to 261,000 pounds in 1941, 
and 2,006,000 ]>ounds diy weight in 
1942. The 194J production was only 

877.000 pounds, a ligure based on ship- 
ment records. One authority believed 
that over 1.200,000 pounds were actually 
produced in 1943. The smaller produc- 
tion in this particular year was assumed 
1 - he due to the excessively large pur- 
chase in 1942, so that hu.vers were very 
critical about the quality of the product, 
and refu.sed to take inferior materials. 
Current annual production is about two 
million pounds. 

(tujartinu. Before the last war in 
Europe, one carrageeniu producer in 
the Cnitwi States imported annually 
for several years about 15 tons of the 
.so-called “Portuguese moss”. This con- 
sisted of three different seaweeds. “Por- 
tuguese moss, wiry type” is (riyartina 
aciculari.'i (Wulf.) Lam., and “Portu- 
guese moss, wide-leaf type” is a mix- 
ture of ChoH(iru.H cri.spus and Giyar- 
tina .‘itcIMa. As the “wiry type” is 
a more important constituent of the 
“Portuguese moss’’, the name should 
be restrictetl to Giyariim acicularis. 
This gives a colloid similar to, if not 
identical with, the Irish moss carra- 
geenin. The Portuguese moss colloid, 
however, gives a much more vi.seoid solu- 
tion than that from Irish moss, and is 
usetl for certain special purposes. 

Altheitgli CfigartiiK^ stellata is almost 
as abiindant as ’sh moss on the 
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northern European coasts, this species 
does not appear to be available in suffi- 
cient quantities on the Aifaerican side of 
the Atlantic to warrant commercial har- 



Fig. 11, Jridophycus fixwcidumj sourcu of 
the phyeoeolloid, iridophyciu, a newly introduced 
colloid In stabilizing chocolate milk, {Courtesy 
of the New Y^rk Botanical Garden.) 

vesting. Among commercial samples of 
Amejican Irish moss, Gigartina is indeed 
a rare /component. On the Pacific Coast 
there are several species of Gigartina, 


one of which, G. corgmbifcra Kuetz.. 
occurs along the central and northern 
('alifornia Coast in sufficiently large 
quantities for commercial exi)loitatio»i. 
It contains a colloid of excellent stabi- 
lizing power, probably identical Avith 
carrag(*enin from Irish moss. This sea- 
w»*ed is a bi'oadly membranous form 
with thick and tough blades I’caching 
two to three feet in length. It grows 
profusely on rocks at or below low tides, 
and has to be collected during spring 
low tides. Collecting is not difficult, 
however, and the writer once gathered 
about 80 pounds in about 15 minutes. 
It is not improbable that Gigartina 
corynihifera may eventually find an a])- 
l)ropriate place in America’s carrageen in 
industry. 

Other Red Seaweeds. The red sea- 
weetls now \ised in America besides 
Gctidiam, Gracilaria, Chondrus and 
Gigartina. are Iridophycuft, Porphyra 
and Nhodymciiia. 

Iridophycus. Two species of this 
genus are utilized, namely, I. flaccid mn 
and 7. spicndens. They yield a colloid, 
iridophyciu, AA’hich has properties si mi 
lar to those of earrag^enin. Both spc 
cies have lanceolate or ovate-lanccolalc 
blades with atipes, arising from 

disk-.shaped rl»l4fasts. The thalli are 
soft in text|U« fresh, turning tough 
and rubbery Avhen dry. 7. flaccidvtn 
reaches tvio feet in length and is green- 
ish-olive when growing in the mid-lit- 
toral, deep purple in the lower littoral. 
7. sph ndcm reaches four feet in length, 
generally grows in deeper waters than 
the former species and is of a rich pur- 
ple in color. Both groAV on rocks some- 
what sheltered from the surf. Commer- 
cial iridophyens come.s from near Cres- 
cent City, Pt. Arena, and Jenner in 
California, and south of Coos Bay in 
Oregon, Harvesting season extends 
from June to December. The plants are 
picked by hand from the rocks at low 
tide, and during one low tide, lasting 
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from two to three* hours, one man can 
]»iek from 200 to 300 pounds of the fresh 
seaw'eed in favorable locations. A frood 
picker is known to have fjathered as 
much as 400 pounds in one tide. Much 
depejids on the location, the tide, and 
espcciall.v on conditions of the sea as a 
result of the velocity and direction of 
the wind. Thei'e are many beaches with 
excellent frrowths of Iridophyrus, bur 
unfortunately they are inaccessible by 


peiii'ies involved in dryiiijr, in addition 
to harvestinfi: cost. There is only one 
firm en‘ra{?ed in processing!: iridophycin. 
It buys the fresh seaweed and takes care 
of the drjdns itself. 

Porphyra. AVhile most species of Por- 
phyra may be utilized as food, the spe- 
cies commonly harvested is the perfo- 
rated laver, Porphyra perforata. J. Ag., 
of California. This forms large, brown- 
ish-]nirple, deeply ]a<*inate, lanceolate to 



Fi(!. 12. Two Aineru-an food neawoods, California or pinplo Iomt {Porphyra perforata, ]eH) 
and East Const dulse {Khodyni- iiia palmata. right). Indians of the Paeitie Coast relish the laver, 
and the ('hinese iisi it in their 'awe ed soup. In eastern metropolitan markets dulse is occasionally 
oil sal •, to be eaten raw a« a reb h. (Courtesy of ihr Journal of The Xrw Yorl' Botanical Garden.) 


land. (Commercial gathei og .started in 
the summer of 1944. Tn 1944 and 1945 
about 14 tons of the fresh seaweed were 
harvested from California and about 16 
tons from Oregon. The 1946 production 
was expected to be over 30 tons. Jrido- 
phyens dries to about of its weight 
when freshly harvested. It costs about 
five cents per pound to gather the fresh 
weed, or about $100 per ton. A ton of 
the sun-dried iridophycus will therefore 
be worth around $700, considering ex- 


irregularly shaped membranes with 
deeply ruffled margins. The blades may 
reach five feet in length, but generally 
are about two to three feet long. The 
laver groAvs on rocks in rather sheltered 
places from the mid-littoral to the limit 
of high Avater. Bonnot reported that 
300,000 pounds of dried laver AA'ere har- 
vested in 1929 by Avhite men and Indians 
in northern California and by Chinese 
in central and southern California. The 
Chinese harvesters usually come to the 
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laver grounds in the fall and burn, with 
driftwood, the rocks on which tliey ex- 
pect their laver crop to grow. By early 
spring these rocks are densely covered 
with the Porphyru. In harvesting, the 
laver is merely pulled from the rock by 
hand and is dried in the sun in the form 
of rectangular sheets. At present, Cali- 
fornia laver is w'orth $600-800 per ton. 

Rhodymenia. American dulse is Rho- 
dymenia palmata (L.) Grev.. found 
along the Atlantic shoi’es from North 
Carolina nortliAvard. Most of it comes 
from the Canadian Maritime Provinces, 
especially from the Bay of Pundy. where 
it grows on rocks in the Ibw littoral and 
is han'ested by hand picking during 
spring low tides. No data are available 
as to its production. 

Utilization of Seaweed Products 

In America, as elsewhere, there have 
been three .*ltages in the development of 
the utilization of seaweeds and their 
products. During the first stage, sea- 
weeds were merely gathered, dried and 
employed as food or medicine without 
other proce.s.sing. In America this started 
about a century ago with Irish moss as 
the first seaweed thus utilized. At pres- 
ent w’e have, besides Irish mo.s.s. edible 
kelp from Nercocystis, laver of the AVest 
Coast and dulse of the East Coast. Per- 
haps we should also include kelp meal 
which is made into stock feeds or tablets 
for humans. In the second stage of 
development seaweeds w'ere utilized to 
supply non-colloid chemicals and had to 
be proces.sed to yield these products. 
This started just before Worl(^^Var I, 
flourished during the war, and came to 
an end a few years after the war. It was 
short-lived, but it had reached, within a 
few years, a stage of glorj’ not matched 
bj' even the seaweed industry today. 
During this period, high grade potas- 
sium Olfiloride. acetone, calcium acetate, 
iodine jjjnd decolorizing carbon were pro- 
duced iii lai'ge quantities from the Cali- 


fornia giant gelp, Macrocystis pyrifera. 
At present these , materials may be ob- 
tained more cheaply from other .sources, 
and .seaweeds are no longer used in 
America as raw materials for non-colloid 
chemicals. In the third and most recicut 
.stage, interest in seaweed utilization has 
shifted to the seaweed colloids, or phyco- 
colloids. They are extremely valuable 
as gelling, suspending, emulsifying, 
thickening and body-producing agents, 
and have found extensive u.ses in food, 
drugs, cosmetics and other industrial 
products. 

Commercial production of seaweed 
(colloids started during World War I. 
when algin was made at San Diego as a 
by-product in the kelp industry. Algin, 
however, did not become the jirincipal 
kelp product until the late 1920’s and 
early 1930’s. Agar, another im|)ortant 
colloid, was first made in Tropico (now 
Glendale-) , California, in 1920. Although 
the colloid of Irish moss has been in use 
for over a century in making blanc- 
mange in the New England states, it was 
not until the late 1930 ’s that it b(>gan 
to be produced in the present purified 
powdered form. Large commercial pro- 
duction of carrageenin actually started 
in 1942. Iridophycin was made in com- 
mercial (luantitics in 1945; its i)roduc- 
tion at present is still small in compari- 
son with that of the other phycocolloids. 
Uses of seaweed products in America 
have been discussed also elsewhere.' 

1. Commercial Intelligence .Jour. 67: 129, 409. 
1042. 

Smithsonian Inst. Bep. 1041: 401. 1942. 

Fish. Market News 6(6) : 1. 1943. 

Bull. U. S. Bur. Fish. 24: 167. 190.3, 

Jour. Soc. Arts. 10: 185. 1862. 

Sei. Monthly 68: 24. 1944. 

Sci. Monthly ,59 : 37. 1944. 

Food Industry 17: 10, 11, 122, 140, 141, 
230, 232, 234, 258, 259, 356, 3,38. 1945. 
Chem. & Met. Eng. 62(6) : 97. 1945. 

Jour. New York Bot. Garden 47: 1, 32. 
1946. 

Phycocolloids: useful seaweed polysaccha- 
rides. In Jerome Alexander, Colloid chem- 
istry, theoretical and applied. Vol 6. 1946. 
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Non-Colloids. There are two {reneral 
fj:roui)s of noii-eolloid seaweed products, 
cui’ed seaweeds and ffround seaweeds. 
Cured seaweeds are sun-dried, sometimes 
partially bleached, and are used in the 
form of whole plants. They chiefly serve 
for food or in makiiifr food ])reparations, 
and include bladder kelp, laver, dulse 
and Irish moss. The bladder kelj) was 
used in the last war as a kombu (Japa- 
ne.se kelp) substitute by the .Japanese in 
the United Htates, and the Chinese use 
laver extensively in their .so-called sea- 
weed soul). Dulse is eaten raw and dry 
as a kind of salad or relish, or is em- 
])i<)yed as a thickener in soups, sauces 
and <rravies. Use of Irish moss in the 
preparation of the well-known blaiic 
manjre has been centuries old on the 
East Coast, and for its preparation the 
followinjr directions have been jriven : 

“Soak half a cup of dry moss in cold 
water for five minutes, tie in a chee,se- 
cloth ba<r, place in a double boiler with 
a (piart of milk and cook for half an 
hour, add half a teaspoonful of salt or 
less, aceording to taste; strain, flavor 
with a teaspoonful of lemon or vanilla 
extract if d(‘sired, and pour into a mold 
oi- small cups, which have been wet with 
cold water; after hardening, eat with 
sugar and cream.” 

Stock feed, (j round seaweed is made 
entirely of keli)s, from bo h ii'acrocystis 
and nereocystis. hence gcsjerally called 
kelp meal. Its principal u>e is as stock 
feed, and analyses of it show the pres- 
ence of large amotiuts of various min- 
erals as well as vitamins \, B, F and (i. 
One company produces a meal consisting 
entirely of dried and ground macro- 
cystis, w’hde another concern uses the 
same plant but mixes it w’ith fish meal 

Textile Age. 1946. 

Nat. Mag. 36 (:i) : 127. 194.1. 

Cal. Fish and Game 28(4) : 199. 1942. 

Marine products of commerce. 762 pp. 

1923. 


and fish ])ress-w'ater concentrate, forti- 
fied wdth various beneficial substances. 
There are four kinds on the market 
under the trade name “Mauamer”, one 
for hogs and pigs, one for chickens, one 
for horses and one for cattle. These are 
all supplementary feeds to be mixed with 
grains and other established rations. 

The value of seaw'eeds as stock feeds 
has been (piite w'ell established. Along 
the coast, the seaw'eeds may also be used 
ill toio. The}’ should, however, be rinsed 
in fresh water to leach out the excessive 
salts which, if taken in large quantities, 
may have an adverse effect on the health 
of the animals. It has also been found 
in Europe that animals may require from 
a few days to a Aveek or more to read.iust 
their food habits from an ordinary ration 
to a predominantly seaw’eed diet. The 
value of seaweeds as stock feed differs 
yvith the kind of ])lant u.sed, with the 
season of harvesting, with the different 
animals feeding on them, and with the 
individual preferences of the animals 
for the kind offei’ed as food. 

Medieiiial tuhicfs. .Kelp meal from 
macrocystis is also made into tablets for 
human consumjition to supply mineral 
.salts needeil by the human system. There 
are at least three coneerns engaged in 
this trade. One comi)any at Anacortes, 
\Va.shington. makes the meal from the 
bladder kelp in the Puget Sound region, 
and sends it to New York for processing 
into kelp tablets. At Vancouver. British 
Columbia, a new’ kelp company was 
recently formed to utilize local kelp re- 
sources for similar and other purposes. 
Kelp meal is also used as a constituent 
in the diet of hatchery -reared fiugerlings 
at Seattle, Washington, being employed 
on a ba.sis of 2^/^ of the weight of the 
ration fed. 

Manure. ITtilization of seaweeds as 
manure in America, as elsewhere, has 
been centuries old. In Rhode Island, for 
instance, as late as the 1890 ’s, seaweeds 
formed an important source of farm 
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manure, and in recent years, kelps have 
been used in various coastal regions as 
fertilizer. Farmers living nt Encinitas, 
California, gather the drifted kelps on 
the beach to fertilize their avocado 
orchards. One chief obstacle in using 
whole seaweeds as manure is the bulki- 
ness of such materials which contain 
more than 95% of water. Since the dry- 
ing and grinding processes do not de- 
crease the value of kelps as fertilizer, use 
of kelp meal eliminates this trouble. It 
is expected that kelp meal may eventu- 
ally be marketed as regular manure for 
special tj’pes of crops. 

Colloids. As already mentioned, there 
are produced in America, at present, four 
kinds of phycoeolloids, namely, algin, 
agar, carageenin and iridophyciu. Of 
these, algin comes from the brown sea- 
weeds, the other two from red seaweeds. 

Algin. The term “algin” generally 
refers to the sodium salt of alginic acid, 
a polyuronic acid composed entirely of 
d-maimuronic anhydride residues. Like 
the other seaweed colloids of commerce, 
algin is useful wherever a hydrophilic 
colloid possessing marked gelling, sus- 
pending, emulsifying, thickening and 
water-holding properties is required. 
Unlike the other phycoeolloids, it is 
chemically active, reacting readily with 
various metallic salts and acids. Conse- 
quently, in certain respects, its uses are 
limited, while in others it serves espe- 
cially well by virtue of its reactivity. 
For example, many of the iweseut -indus- 
trial uses of algin are based on the fact 
that addition of a calcium salt to an 
algin solution produces an immediate 
precipitate of gelatinous calcium algi- 
nate. Thus, by the controlled release of 
calcium ions, through the use of a rela- 
tively insoluble calcium salt, such as 
calcium citrate, the solutions may be. 
either thickened or converted into rigid 
gels, in accordance with the amount of 
the calcium salt added. The rate of the 
setting of the gel may also be controlled 


by the introduction of salts, such as a 
soluble phosphate, which form calcium 
salts more insoluble in water than cal- 
cium alginate. 

In the preparation of algin solutions 
for use in food and other industries, 
water should be warmed to about 140° 
F. and the solution should be vigorously 
.stirred. Algin solutions are susceptible 
to bacterial growth. Therefore, pre- 
servatives are commonly added to them 
if they are to stand for prolonged 
periods. 

The most important use of algin is 
undoubtedly in stabilizing ice creams, 
where a colloid is needed to impart 
sm(K>th'body and texture and to prevent 
formation of large ice crystals ilnring 
storage. It is prerequisite that such a 
stabilizer will not in any way mask the 
flavor of the resultifig product. Ice 
cream mixes made with efficient stabil- 
izers whip fast and produce sufficient 
overrun. Such ice creams show a smooth 
clean meltdown without any serum 
drainage or wheying off. Previously, 
gelatin was the sole standard ice cream 
stabilizer, but since algin was introduced 
about ten years ago, it has been rated 
by most experts as a better material than 
gelatin. At least 50%- of the factor\- 
made ice creams in the- United States are 
now stabilized with algin. 

Some years ago algin was used exteu- 
sively as a chocolate milk stabilizer. In 
recent years, however, carrageen in has 
become the most important agent for 
this purpose, and while some algin is still 
being used, it is always emi)loyed to- 
gether with some caiTageenin. Until 
very recently, orange and lemon ices 
have been stabilized almost exclusively 
with gums, but algin is now successfully 
used for the same purpose. It also fills 
the role more satisfactorily in stabi- 
lizing sherbets, where the more costly 
agar, which required a higher tempera- 
ture to dissolve, was previously used. 
To reduce serum, drainage, algin is put 
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into cream cheese and cheese spreads and 
also whii)ping creams for decorating 
fancy cakes. It also serves as a gelling 
agent in milk puddings by virtue of its 
reaction Avith calcium in the milk. Algin 
is also employed in many different ways 
in food preparations, such as jellies, 
jams, icing, meringues, fillings, milk 
powders, oleomargarines, candies, fruit 
juice poAvder and sausage casings. 

Algin is useful also in pharmaceutical 
l)reparatioiis, emulsifying the petrolatum 
base, for instance, in making sulfanila- 
mide ointments for surface wounds. It 
serves as a constituent in i)ills and tab- 
lets, and is also used occa.sionally in 
emulsions to carry medicinals such as 
vitamins. In the cosmetic industry algin 
is now considered to be one of the most 
useful colloids, its value residing in its 
ability to produce standard preparations 
of controllable consistency, Avhich are 
transparent, Avater-Avhite and almost 
odorless. Ordinary preparations made 
Avith karaya gums, for instance, have a 
irrayish-brttAvn color, and those made 
Avith tragacanth are ((uite opaque. An- 
other advantage of algin preparations is 
the Avide range of couti'ollable viscosity, 
effected by the addition of calcium ions 
to .sodium alginate solutions. The prepa- 
rations may either be thickened to 
••reams or converted into jellies, depend- 
ing on tlie amount of the calcium salt 
added. It is an excellent vehicle 'for 
hand lotions of the saponified type, and 
a valuable base for tooth pastes and for 
greaseless, Avater-soluble ointments and 
lubricating jellies, replacing tragacanth 
and other gums, because it is compatible 
with most of the ingfiedieuts in the of- 
ficial formulas. 

Sodium and ammonium alginates afe 
both used ej[^(|^sively in the preparation 
of Articles fw^esirf emulsion paints,- the 
algin'' serving*" as an emulsifier.- Algin 
dissolves shellac to form a lacquer which 
dries to a tough, tenacious film. Treat- 
ment with dilute acids or calcium chlo- 


ride solution renders this film insoluble, 
hence useful as a water-proof varnish. 
Coated over asphalt paints for steel 
plates and insulated wires, algin helps 
to prevent the painted surfaces from 
adhering to each other. During the last 
war, algin was used as a stabilizer for 
camouflage paints. Copper alginate 
serves as a dressing for canvas and bur- 
laps to prevent mildew. Algin is used 
in the preparation of a new type of fire- 
retarding compound, recently dev'eloped 
at the United States Forest Products 
Laboratory. This consists of finely- 
ground fire-retarding chemicals dissoh-ed 
and suspended in an aqueous sodium or 
ammonium alginate solution. Best re- 
sults are obtained with monoammonium 
phosphate as the fire-retardant, although 
a mixture of borax and boric acid also 
giA-es .satisfactory results. 

In dentistry algin serves as a dental 
impres.sion material. Algin-based prepa- 
rations do not produce as accurate molds 
as do the traditional agar-based ones. 
They are. hoAA-ever, more convenient to 
u.se and are therefore extensively em- 
ployed by dentists for general Avork. 
Recently ammonium alginate has been 
adopted for coating dentures made of 
acrylic resin to take the place of tinfoil 
which has not been available for this 
l>urpose because of the Avar. Two coat- 
ings of the alginate solution are applied 
with a brush to the gypsum molds when 
these are still Avarm from the Avax re- 
moA-al. When dry they are immersed in 
calcium cliloride solution, thus converted 
in aiflit i&to insoluble calcium alginate 
coatinijpi^ Use of algin in coating den- 
tures ^ easy and gives very uniform 
results, and is expected to continue even 
when tinfoil comes back in sufficient 
(juantities. 

In the rubber industry algin serves as 
a latex-creaming agent ; for this purpose 
ammonium alginate is used instead of 
the sodium salt. Algin is also useful in 
treating boiler Avater for preventing in- 
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crustation. It reacts with the calcium 
salts, forming globular floeculent pre- 
cipitates; these envelop'' other sediments 
to give a soft pasty sludge which can be 
readily blown out of the boiler at regular 
intervals. As a sizing material algin 
has the advantage over starch in that it 
fills the cloth more completely, is tougher 
and more elastic. In printing pastes 
algin is widely used as a thickener. Tri- 
ethanolamine alginate, an algin deriva- 
tive, is employed as a coating material 
for solid surfaces. Incorporated in in- 
secticide sprays, algin activates and 
greatly reduces the necessary effective 
chemical. Algin is also employed in the 
purification of beet juices in sugar manu- 
facture, in oil-well drilling muds to seal 
off porous formations, as a medium for 
separating plates in the pianufaeture of 
storage batteries, as a binder for print- 
er’s ink, in the finishing of leathers, and 
in the prep^ation of a color-absorbing 
material. 

Agar. Chemically the sulfuric ester 
of a linear galaetan, agar consists of a 
long chain of d-galactopyranose resi- 
dues, terminated at the reducing end by 
one residue of i-galactopyranose. It is 
a valuable colloid principally because of 
its strongly hydrophilic nature and its 
high gel-strength quality. It is used 
where bulk is wanted, or where a sus- 
pending, stabilizyig, thickening or gel- 
ling agent is desired. An important use 
of agar is as roughage. Being not di- 
gestible in human systems, kgar, vwhen 
taken in the form of powder, or fiake, 
serves as a bulk-producer. This problem 
of bulk supply is one that only civilized 
man, accustomed to highly refii^ food, 
has to encounter, and agar flakes suc- 
cessfully take the place of the coarse 
materials that his ancestors ate normally 
with every meal. For similar reasons 
agar is incorporated in certain types of 
breakfast/ feeds and special bakery 
products, for victims of constipation. 

Because of its moisture-holding ability. 


agar is extensively used in making fruit 
cakes. These are generally prepared 
weeks before they reach the customers, 
and the addition of agar helps to keep 
them in good condition for a long period. 
Agar is used in stabilizing icings, in 
making chiffon pies, in meringues and 
fillings. It is employed in making con- 
fectionaries, ehiefiy in jelly candies and 
marshmallows, and in preparing malted 
milks and acidophilous milks. It also 
serves as a thickening and gelling agent 
in the canning of pickled tongues, 
poultry and the softer types of meat and 
fish. 

Agar is a constituent of petroleum- 
agar emulsions. In such preparations, 
however, it does not serve as a laxative, 
as the public is led to believe, since it is 
present in too small a concentration, 
generally less than 1.5%, to be effective. 
It .serves primarily as an emulsifier and 
helps to make the preparation easier to 
take. Agar is employed as a vehicle for 
lactic acid to combat toxicogenic bacteria 
in the inte.stines. An intei*esting use in 
medicinal preparations is in the so-called 
“seal-ins” for pills, a type of coating 
Avhich regulates the rate of solution of 
the capsule and consequently the timing 
of its opening. The agar is added in 
tiny particles and distributed in the 
waxy material of the coating. By virtue 
of its water absorption, agar assists in 
the release of the coated medicinal prepa- 
ration in the desired place. Agar is also 
used in the coatings of certain gentian 
violet capsules employed in the treat- 
ment of infection with Oxyuris vernticu- 
laris. It is also a constituent in a prepa- 
ration for the treatment of Coecidioides 
infection in chitkens. 

Agar is best known, however, as the 
standard material in the preparation of 
solid microbiological culture media, and 
as such,. is an indispensable material in 
the routine sanitary analyses of water 
and milk,, fts importance in public 
health work and medical and scientific 
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research is so significant that during 
World War 1 1 the United States Govern- 
ment had to freeze the available agar 
supply so that the nation’s health would 
not be impaired by l^ck of this seaweed 
colloid. In scientific laboratories agar 
serves as an embedding medium for 
microtome sectioning, as a vehicle in the 
standard Avena test for plant growth 
hormones, and as a coagulant for barium 
sulfate precipitation. In agriculture 
agar is useful as an insecticide activator 
and carrier, and in making coatings for 
nitrogen bacteria cxiltures. 

Agar is extensively u.sed in prosthetic 
works. It is the basic material in most 
dental impression materials. In highly 
critical works, such as inlays and fixed 
bridges, agar-based compounds are prac- 
tically the only materials used. Though 
agar alone is unsuitable for use in cer- 
tain photographic materials because of 
its tendency to stick to gelatin and its 
insolubility in organic solvents or in 
alkaline solutions, the esters of agar are 
soluble in a number of organic solvents 
and can therefore be employed as coat- 
ings or ba<‘kings for photographic films, 
from which they may be later removed 
by means of alkaline solutions. Back- 
ings are retjuired to keep the films flat 
and, to .some extent, to carry colored 
materials for minimizing halation. 

Ju the hot-drawing of tungsten wires 
for electric lamps a lubricant is'u<‘cts- 
sary. At present the lubricant is an 
agar gel in which powdered graiihite is 
mechanically held in suspension. For- 
merly the industry used an expensive 
material known in the trade as “aqu- 
dag”, procurable only from limited 
sources. The agar-based lubricant is not 
only relatively inexpensive and easily 
procurable, but also more efficacious. 
The agar gel is able to hold in suspen- 
sion larger particles which, within cer- 
tain ranges of size, provide more com- 
plete and uniform protective covering 
on the exterior of the wire. 


Shredded agar has been recommended 
to be incorporated in small amounts in 
tobacco to retard excessive evaporation 
of moisture. In hectograph duplicators, 
agar is used to make the gelatinous rolls. 
It is also used in the manufacture of 
submarine storage batteries. 

Carrageenin. Like agar, carrageenin 
is the sulfuric ester of a galactan. It 
has additionally, however, a certain per- 
centage of 2-ketoglueonic acid. The 
most important use of cai'rageeniu in 
America is undoubtedly that of stabi- 
lizing chocolate milk. Previous to the 
introdiiction of a stabilizer, the choco- 
late-flavored milk on the market always 
had a sediment of cocoa ])articles at the 
bottom of the bottle. The bottle, there- 
fore, had to be shaken vigorously before 
the ilrink was poured. The sediment 
us\ially adhered so fii’mly to the con- 
tainers that great difficulty was encoun- 
tei’e«l in washing them. Now. with the 
addition of a small amount of carra- 
geenin, these difficulties are largely 
elimijiated. To make chocolate milk, a 
chocolate syrup is first ])re])ared. The 
syrup is made by adding a mixture of 
cocoa, salt and carrageenin to invert 
sugar solution at about 190° P.. and con- 
tains about 0.4^f carrageenin. One gal- 
lon of this chocolate-flavored syrup is 
then mixed with 11 gallons of milk, and 
the mixture pasteurized and finally 
bottled. The finished product thus con- 
tains only 0.04Ve of the Irish moss ex- 
tract ; yet the cocoa fibers are effectively 
held in a homogeneous sus])ension and 
the butter fat does not rise to the top. 

Cari’ageenin is used in food prei>ara- 
tions in similar ways as agar and algin. 
It is employed extensively in making 
puddings, cheese spreads, pie fillings, 
cake frostings, jelly fillings, jams, pre- 
.serves ami candy. In the dairy industry, 
besides being the principal stabilizer in 
making chocolate milk, it is also em- 
ployed in stabilizing ice cream, ices and 
sherbets, and its use in this respect is 
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said to be increasing fast. It is used in 
emulsifying cod-liver oil as well as 
mineral oil. “Decoction Chondri” pre- 
pared from carrageenin is probably the 
best known phycocolloid pharmaceutical 
emulsifier. The National Formulary 
recommends a 3% Irish moss solution 
for the “Mucilago Chondri," which is 
used by itself as a demulcent and fre- 
quently as a vehicle for other medica- 
ments. When employed as the base of 
cough medicines, carrageenin is said to 
give them body and to produce a slight 
soothing effect. . It is reported that in 
Irish bar-rooms in New York, carra- 
geen is soaked in whisky and the result- 
ing liquor offered to patrons as a cough 
remedy. Carrageenin is also used as a 
granulating agent in such preparations 
as aspirin tablets. 

In the cosmetic industry, carrageenin 
is extensively , used as a binder, emulsi- 
fier, gel-former and bodying agent. It 
is a regular ingredient in many tooth 
pastes, and a thick mucilage is used in 
deodorant pastes. It serves as the base 
of sulfonated oil-curling jellies, and is 
also an ingredient of compact powders 
and rouges. It is employed in making 
glycerine jellies for chapped hands, and 
as vehicles for the saponified type of 
hand lotions. 

During the last war, becau.se of a 
shortage of agar, one concern made a 
special carrageenin preparation under 
the trade name “Carragar" to serve as 
an agar substitute in the pre^araUon of 
solid microbiological culture media. This 
contains additional potassium salts which 
help the carrageenin to form a firmer 
gel, approaching agar gel. Normally, 
carrageenin by itself forms a weak gej, 
even at high concentrations. The prod- 
uct apparently is quite successful for 
certain media, but for the standard tech- 
niques, the excessive syneresis of Car- 
ragar- media eventually interferes with 
the coui^lting of colonies on plates. 

Before liquor prohibition in the United 


States, one of the most important uses 
of carrageenin was in the fining of beers 
and ales. In the early stages of beer 
brewing, the cloudy solution of malt ex- 
tracts contains insoluble materials and 
undesirable proteins. These can be re- 
moved by natural slow setting or rapid 
fining with the help of a clarifying agent. 
Carrageenin has the ability to combine 
with the tannin of hops to form a gelati- 
UOU.S mass which absorbs the suspended 
impurities. The resulting flocculent 
mass is easily removed as a scum. Carra- 
geenin is still being used in the liquor 
industry as a clarifying agent, although 
it has been partially replaced by other 
chemical finings. 

Carrageenin impairts to certain types 
of leather a desirable gloss and stiffness. 
It is principally used in the finishing of 
straight grains au(£ grain upper leathers. 
A solution is brushed on the leather, 
which is then glazed by rubbing with 
glass cylinders. This mucilaginous sub- 
stance smooths and holds down the tiny 
rough projections on the surface of un- 
finished leather. In inner soles, carra- 
geenin is used as a filler to impart stiff- 
ness and body to them. Its use also 
helps in the water-proofing of very heavy 
leather. When used in shoe polish and 
leather dressing, 'Carrageenin serves to 
restore the finMi to worn, scuffed leather, 
and one shoe manufacturer in New Eng- 
land alone used to import annually about 
12,000 pounds of Irish moss from Ire- 
land solely for leather finishing. 

Like algin, carrageenin is extensively 
employed in making water paints. 
Casein paints stabilized with it are easily 
applied and adhere well to the surface 
while drying. Carrageenin was among 
the first hydrophilic colloids used in the 
creaming of rubber latex, although at 
present ammonium alginate is the only 
creaming agent from seaweed sources. 

Iridophycin, Like agar and carra- 
geenin, iridophycin is a galactan ethereal 
sulfate, although of a much simpler con- 
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tant step toward the present industrial 
usage of acetone-soluble derivatives. As 
described recently (67) ; 


the present article it applies specifically 
to the “man-made” textile filaments 
manufactured from plant cell walls. 


Briefly the process consists in swelling the 
cellulose fiber so that all the hydroxyl groups 
are available for acetylation. Acetylation is 
carried out, using acetic acid anhydride and ace- 
tic acid with sulfuric acid or some other suitable 
catalyst. The cellulose is acetylated to the tri- 
acetate and an excess of acetic acid is used as a 
solvent. 

^^The cellulose acetate thus formed is then 
deacetylated to the proper acetyl content. It is 
then precipitated from the acetic acid solution, 
stabilized (if necessary), washed free from 
acids and dried. 

... In the utilization of cellulose acetate 
for industrial fibers, in particular, it is necessary 
to reduce the acetyl value so that the acetate be- 
comes soluble in acetone”. 

The selcftion of a “trade name” for 
these fibers has been described as follows 
(70): 

”For almost the whole of that fifty year 
period, the several man-made fibers which sur- 
vived the experimental stage and emerged into 
a commercial world were called ‘artificial silks’, 
a frank declaration of the motive which pro- 
duced them and of the light in which they were 
viewed by tlie textile craftsman and the con- 
sumer. About twenty years ago the ])roducers 
and merchants of these new members of the tex 
tile family invented the generic term ‘rayon’ to 
replace the term ‘artificial silk’. ... It was a 
moment of historic textile importance becjause it 
first emphasized that these man-made fibers, de- 
spite any outward similarity to silk, and des]»itc 
the natural tendency to use them in imitation of 
silk, were actually new and destined to stand or 
fall on their own distinctive properties and 
values”. 

Names now used most commonly for 
man-made textiles, iji which plaht tissues 
form the basic raw material, are “arti- 
ficial silk”, “rayon” and “synthetic fab- 
ric”. Although the .suggestion has been 
made that the term “synthetic” be re- 
served for fibers such as n 3 -lon alone, no 
decision has been made concerning a 
general terminology which will be accept- 
able to those concerned. The term “syn- 
thetic” now serves to distinguish, in 
general, all man-made fibers from native 
fibers such as cotton, silk and wool. In 


Plant Fibers and Synthetic Textiles 


It is worthj’ of particular considera- 
tion from both the biological and the in- 
dustrial standpoints that, from all of the 
available plant tissues, fibers were chosen 
as the raw material for ra.vou manufac- 
ture. Seed fibers such as cotton, bast 
fibers such as flax, and wood fibers such 
as are obtained from spruce and pine, 
are all characterized bj* the formation of 
iinusuall.v thick cell walls. These walls 
plaj'^ such an important role in determin- 
ing the phj'sical and chemical properties 
of the natural fibers that the problems 
connected with processi)ig for sj'iithetic 
fiber production have dealt primarily 
with cell-wall reactions to the reagents, 
temperatures, and pressures eiuploj'ed. 

The substances which are commonlj' 
described in cell walls, in genei-al. may 
be listed briefl.v as follows: 


1 . 


2 


; 5 . 


4 . 

5 . 

6 . 


Cellulose 


f crystalline 
amorphous 

( Pentosans 

Hemicell 111 OSes -j (ralacto.san.s 
I Mannosans 
( Protopectin 

Peclic Substaiu*(*s -{ Pectin 
I Pectates 


Lignin 

Buberin and Outiii 

Protein, resins, gums, coloring matter, tan- 
nin, oallose and minerals. 


Ill the cotton fiber, materials from 
groups 1, 3, 5 and 6 are found. In bast 
and wood fibers of various types, ma- 
terials from all gi’oii)is raa}’^ occur. In 
no cell Avails are the different constitu- 
ents likeh- to he present in complete seg- 
regation, and the colloidal mixtures in 
which they naturall.A- occur render their 
separation and identification difficult. 


Plasticity and Deformability in 
Native Cell Walls 

111 the course of the manufacture of 
sj-nthetie textile filaments, natural plant 
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fibers lose their identity, and their walls, 
once tough and resilient, are transformed 
temporarilj’ into a soft ^continuous de- 
formable mass. From the view point of 
industrial processing, this phenomenon 
may seem to be unique in cellular ex- 
perience, and the erroneous conclusion 
may be drawn that living cells are not 
confronted with' the need for such prop- 
erties as plasticity and deformability. 

Cells Without Walls. For more than 
a century it has been an accepted fact 
that the protoplast and not the cell wall 
is the essential part of a cell ; that in the 
phenomenon of growth, the protoplast 
precedes the cell wall ; and that, in fact, 
the colloidal jirotoplasm is the stuff from 
which cell walls are made. 

In some cases, for the purpose of main- 
taining their plasticity and deforma- 
bility during important periods of their 
life history, protoplasts dispense with 
their, cell walls. Close examination of 
fallen tree tricinks in a moist woodland 
often reveals strands of slime mould flow- 
ing slowl.v from the under side to the ex- 
posed surface of the log, the protoplasts 
unencumbered by cell walls. Other 
types of protoplasts first build heavy cell 
walls and later emerge from the en- 
closure to continue their existence in a 
new loealit.A'. Observations of cells such 
as these serve to emphasize the fact that 
when there is a demand for the maxi- 
mum in plasticity and deformability, the 
cell either has no wall at all or uses a 
wall only as a place of temporary ^bode. 

Cell Walls and Cell Enlargement. 
In the process of growth, cells increase in 
number by division. After cell division 
has taken place the protoplasts of the 
daughter cells often enlarge td- many 
times their original volume, and their 
cell membranes are extended to accom- 
modate the increased surface arek. 

^ During this I)eriod of division and en- 
largemetit, they are known as “meri- 
stematic cells”, and the region of the 
plant in Vhich they are located is known 


as the “meristem'”. Their cell walls are 
characterized b.v plasticity and extensi- 
bility, atid chemical anal.yses show that 
these ph.vsical states are associated with 
certain membrane-building materials. In 
this connection two authorities observe 
(84): 

^ ‘ Macrocliemicul experiments prove the exist- 
ence of cellulose in the walls of the ineristem, 
but its presence is masked by association with 
other substances. 

Protein, closely linked to the cellulose, is 
found by macrochoinical experiments to be most 
probably the substance which prevents the re- 
action with iodine and sulphuric acid. 

“Peciin is present in each case, though not 
directly linked to the cellulose in the meristem 
wall of radicle and root. 

‘ ‘ The middle lamella in the meristem is never 
of calcium pectate but is probably a mixture of 
pectin and protein ^ 

Microscopic and microchemical analy- 
ses of meristematic-tissues indicate more 
.specificall.v the relation of the chemical 
constitution of .\ oung cell walls to their 
observed ph.vsical properties. In gen- 
eral, the primary wall is composed of 
iion-cellulosic materials (26), and this 
portion of the wall, not the cellulose-rich 
secondary lamellae, pla.vs the active role 
in cell enlargement. 

Epidermal cells of the oat coleoptilc 
represent a t.vpe in which cellulose is 
deposited before cell • enlargement is 
completed (28). The enlargement takes 
place in the original plastic membrane, 
however, and in the course of wall- 
elongation the cellulose is separated into 
hoop-like bands. The doubl.y refractive 
cellulose and the non-double-refractive, 
plastic materials of both the unelongated 
and the elongated membranes, can be dis- 
tinguished in polarized light. During a 
later period of growth these elongated 
walls are again made more rigid through 
the deposition .of lamellae rich in cellu- 
lose between and within these separated 
doubly refractive bands. Cells of dif- 
ferent types thus control their gro\«^ 
economy through the ingenious use'%f 
non-ceUulosic and cellulosic mater^s. 
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Cell Walls of Root Hairs and Cot- 
ton Fibers. Root hairs serve as unique 
examples of the importance of non-cellu- 
losic materials in enlarging cell walls. 
Bach hair is formed through the elonga- 
tion of a single epidermal cell of the 
root; its function is the absorption of 
water and nutrient materials from the 
soil. This absorption is facilitated by an 
intimate physical contact between the 
root hair wall and the soil particles. 
Plasticity is again at a premium, and, in 
addition, the cell wall must permit the 
passage of aqueous solutions without 
being either dispensed or dissolved by 
them. 

Sticr (78) lias found that stretching of 
the wall takes place more readily at the 
ti]) of the root hair than along the sides, 
and that when bursting occurs, the rup- 
ture is almost invariably at the tip. 
Cormack (19) has shown that these local- 
ized variations in hydrophilic properties 
are bx’oiight about by a decreasing degree 
of calcification of the pectic material 
from the base to the tip of the hair. It 
follows that the physical properties of 
root-hair walls are in large measure con- 
trolled by the chemical and physical state 
of the pectic material which they contain. 
In most root-hair walls celhdose is not 
found (41) ; when ])resent it is x’eported 
to be in the form of a very thin layer 
upon the inner surface of the primary 
wall of calcium pectate (60). 

This type of "ft'aH composition isiihared 
with primary walls of young cdls, in 
general. These are composed largely of 
jxectic material and protein (26), and 
cellulose deposition takes place tow'ard 
the end of the period of cell enlargement, 
when loss of plasticity is no handicap. 
Root bail's represent a special group of 
cells in which wall plasticity is of con- 
tinued importance, and cellulose forma- 
tion and deposition rarely take place. 

The function of eellulosic attd non- 
cellulosic materials in determining the 
physical properties of native cell walls 


is brought out even more clearly by a 
direct comparison of the cotton fiber and 
the root hair. Both the hair and the 
fiber arise through the elongation of 
single cells upon the surfaces of the root 
and seed, respectively. The primary 
walls of both are rich in calcium pectate 
and contain little or no cellulose. In the 
course of the apical growth, the tips of 
both hair and fiber are less highly calci- 
fied than the lateral walls. 

In later stages of develoiuuent the 
marked differeiKfes between root hairs 
and cotton fibers appear. The proto- 
plasm of the cotton fiber produces large 
quantities of cellulose and uses it in the 
formation of many secondary lamellae; 
the iirotoplasm of the root hair produces 
little cellulose, and in many types it is 
entirely lacking. The cell wall of the 
fiber is thick and firm and is not easily 
deformed ; the cell wall of the hair re- 
mains more or less plastic and deform- 
able thi oughout its entire period of exist- 
ence. In tln» mature state the cell wall 
of the fiber contains a very high percent- 
age of cellulose and a low percentage of 
pectic material, protein and wax (32) ; 
the mature root hair resembles, in struc- 
ture and composition, the primary wall 
of the fiber. 

Examples may be drawn from various 
parts of the plant kingdom to illusti'ate 
the fact that the properties of extreme 
plasticity and deformabUity are achieved 
in the native cell walls by the use of non- 
cellulosic materials ; that membranes rich 
in cellulose are no longer plastic; and 
that extraordinary procedures are in- 
volved in reversing this state of rigidity 
in a mature cell wall. Industry relies 
upon more or less drastic chemical and 
physical processes. The cells themselves 
usually bring about such reversal 
through the use of enzymes (17, 12). 

These observed properties of fiber cell 
walls and comparisons with the proper- 
ties of walls of other plant cells have 
served as a basis for some phases of the 
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research dealing with the colloidal be- 
havior of cotton fibers and wood fibers 
during the manufacture bf synthetic tex- 
tiles. In the experiments attempts, have 
been made to follow the various types of 
cell wall components through their pro- 
gressive stages of reaction to reagents 
used in xanthation, nitration and other 
types of industrial procedures. The re- 
sults, in turn, have been used in efforts 
to correlate the more fundamental as- 
pects of cell wall composition and struc- 
ture with the properties of fibers in both 
the processed and unprocessed states. 

Molecular and Colloidal Interpretations 
of Structure and Physical Properties 

Variations in experimental results and 
different interpretations of chemical, 
physical and microscopic data have left 
many of the important considerations 
undecided. The accumulated informa- 
tion has led, in general, to the develop- 
ment of two different viewpoints of the 
structure of the native cell wall and the 
relation of wall materials to synthetic 
products. One interpretation holds that 
the cellulose molecule is the functional 
unit which determines the properties of 
native cell walls as well as their synthetic 
derivatives. The other, following classi- 
cal colloidal lines, explains the same 
properties upon the basis of a hetero- 
geneous chemical system, established 
through the vital activity of the colloidal 
protoplasm and persisting in its more 
general characteristics throughout the 
“purification” treatments involved in 
industrial processing. For the purpose 
bf discussion they shall be referred to as 
the molecular and the colloidid inter- 
pretations. 

Molecular Interpretations. Spousler 
(75) developed in 1926 a cQueeptii^ of 
native cell wall structure which would 
account for the known properties upon 
a molecular basis. He expressed the 
belief that X-ray diffraction data ob- 
tained from plant fibers could be ex- 


plained by the presence of chains of 
cellulose unit cells, of, indefinite length, 
thus eliminating the necessity for con- 
sideration of the crystalline cellulose mi- 
cellae (molecular aggregates) of Niigeli 
(52). Staiidinger (76) in 1934, upon 
the basis of viscosity measurements, like- 
wise postulated the existence of very long 
molecular chains of cellulose which he 
believed to be of sufiScient size to warrant 
the name “macromolecule”. Others 
(35) in 1928 had questioned the in- 
definite length of the cellulose chains, 
had expressed the opinion that they are 
comparatively short and that they are 
arranged in the form of a bundle or a 
micellar unit. Carothers (13) in 1931 
suggested a new type of organization of 
cellulose chain molecules in the walls of 
plant fibers in which the long axis of the 
chains is approxiniately parallel to the 
long axis of the fiber, with pronounced 
overlapping of the ends of the chains. 

Thiessen (81) described the new con- 
cept in 1938 as follows : 

‘^The cellulose inicelle is an ultramicroscopic 
mixed crystal of cellulose chains, differing in 
length. Enda of chains jiroject beyond the 
micelle ends formed by shorter chains (fringed 
micelle). Because of the shorter filaments inter- 
posed in the micelle core, the fringes have such 
large lateral distances that van der Waal^s 
forces no longer hold . them .together. For this 
reason they ten^ to' ^ 

This evoIaiS^ uf the molecular con- 
ception of will structure ia illus- 
trated in Figure 1. Adaptation of the 
hypothesis to the interpretation of the 
behavior of both native and synthetic 
materials was described in 1938 (31) : 

revision of the Nageli hypothesis of dis- 
continuous cellulose micellae was found to be 
imcessary. Evidence was found of a system of 
couuoeted cellulose threads or layers. Cellulose, 
in the form of long, chain-lrke molecules formed 
a skeletel framework. The molecular weight 
and length of the chains are not known. They 
give a crystalline X-ray pattern but never are 
seen in crystalline form. They are insoluble in 
all ordinary chemical solvents, but in reagents 
which will -throw them into a viscous matrix 
their viscosities show that a fairly close relation 
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Fig. 1. A. Parallel arraiijjemont of chain molociilos (a) and random arranjjoineiit of molecu- 
lar (h) (aftrr Carofhcrs). B. Friiif^ed micelles accordin^y to the nvw theory (after 

Kratky), C. doiiiiiig: of two micelles by intertwining; of fringes throujfh Van der Waal's forces 
(after Kratkij), D. Behavior of cellulose chains in a rayon -siiinning solution, coagulated and 
oriented (after Mark). 


exists between the strength of the v^hole fiber 
and the length of the cellulose chain molecules; 
maximum strength is believed to be reached in 
chains of about 2,000 glucose residues 

One of the most recent reviews- of this 
field of research w'as published in 1943 
in the form of a monograph prepared by 
a staff of specialists under the editorship 
of Emil Ott (53). The size of the mono- 
graph indicates the rapid development 
of the molecular concept of cell wall 
structure in the past 20 years. The view- 
point of the treatise is affirmed in the in- 
troduction as follows : 


“It is the opinion of the editor that the pic- 
ture of cellulose! as a system of long chains of 
anhydroglucose units is the most import .ant con- 
cept in the book. From it may be derived, by 
the application of ordinary chemical principles, 
an explanation for almost all the physical and 

! ‘ ‘ Cellulose ’ ’ and * ‘ Chemical cotton ’ ’ are 
used synonomously in the molecular interpreta- 
tion of cell wall and s^mthetic fiber properties. 
Chemical cotton is prepared for industrial pur- 
poses from raw cotton linters by first partially 
removing fragments of stems, seed coats, leaves, 
etc,, by mechanical means, cooking in mild alka- 
line solutions, bleaching with chlorine, peroxides 
or other reagents, washing thoroughly and dry- 
ing. The final product is fibrous and very much 
whiter than the original unpurified linters. 
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chemical properties of the molecule. . . . Cellu- 
lose tests have been assigned a relatively minor 
portion of the book because it, is felt that this 
subject is in a quite unsatisfactory state. Most 
of the tests in common use originated in the 
days before cellulose chemistry was well under- 
stood and have only empirical significance ’ \ 

The position now claimed for the 
molecular interpretation of cell wall 
structure is evidenced by the following 
(53): 

‘^On looking backward through the decades 
from the vantage point of the present, it is easy 
to* see that the chemistry of cellulose remained 
at a virtual standstill from 1860 to 1920 because 
ancillary sciences indispensible to the solution 
of the problem, were in an undeveloped condi- 
tion. By 1920 the labors of Emil Fischer and 
other investigations had placed the chemistry of 
the simple sugars upon a solid foundation. The 
methylation method of determining the position 
of hydroxyl groups in the carbon skeleton com- 
pleted its long ai)prentice8hip, in the hands of 
Purdie, Irvine, Denham, Woodhouse, and others, 
about the same time, and the essential, partly 
methylated glucoses had been prepared and 
characterized. X-rays gave the first clear dif- 
fraction pattern of fibrous cellulose in 1920 and 
shortly thereafter the colloid chemistryz of 
linear micro-molecules, such as cellulose proved 
to be, was very greatly clarified by Staudingcr 
and his collaborators. These events make it 
convenient to choose the year 1919 when Emil 
Fischer died, as the beginning of the modern 
period of cellulose chemistry 

These brief comments and quotations 
serve indicate the comprehensive ef- 
forts which are being made to interpret 
the physical properties of cell walls and 
synthetic materials manufactured from 
cell walls, upon the basis of the molecular 
properties of cellulose. As experimental 
work in this field continues, evidence of 
more and less highly reactive regions in 

* The chemistry of ‘ ‘ high-polymers ’ ’ or linear 
''macromolecules” is clasaified by Purves as a 
branch of colloid chemistry, and a "colloidal 
interpretation” in the sense used here is re- 
ferred to by Purves as the "Aswiation 
Theory ’ Experimental developments have jlius 
served to make the borderline less sharp be- 
tween the "molecular interpretation” and the 
"colloidal interpretation”, and terms commonly 
applied to eolloidal phenomena are found in dis- 
cussions of both. 


the wall material has led to a distinction 
between “crystalline cellulose” and 
"amorphous cellulose” (11). In the 
purification treatments for industrial 
processing, non-cellulosic materials are 
considered to have been removed com- 
pletely, and the factors concerned in the 
nitration acetylation, xanthation, etc., to 
be those relating to the effects of proces- 
sing upon the cr.ystalline and amorphous 
states of the cellulose alone. 

In the course of the development of the 
molecular interpretation of the structure 
and physcal properties of cell walls and 
synthetic textiles, viscosity and X-ray 
diffraction measurements were originally 
used as the experimental basis for theo- 
retical considerations (3, 35). The de- 
termination of osmotic pressures was 
brought into extensive usage later for a 
similar purpose. Chlculated values for 
molecular weights are obtained by means 
of both techniques. The work in the 
field of osmotic pressure determinations 
has been reviewed comprehensively (87). 
More recently a “Light-Scattering” 
technique has been used extensively. A 
review of the theory of light scattering 
has been given (22, 90), and its appli- 
cation to cellulose acetate has also been 
reported (77). 

Colloidal Inteiips^tations. Progress 
in the field of the' colloidal interpretation 
of cell wall structure and composition 
has been more or less continuous for 
more than a century. Lyngbye (45) ob- 
served “minutissime punctata” in the 
cell wall of a marine alga in 1819. 
Valentin (85) and many of his contem- 
poraries found that cell walls increase in 
thickness by the deposition of material 
from the protoplasm upon their inner 
surfaces. In some cells they found mi- 
croscopically visible granules joined to- 
gether end to end to form fibrils which, 
in turn, were deposited as wall material. 
Others (1, 50) found that the fibrils of 
the cell wall are separable entities, and 
that the spiral fibrils do not pass from 
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one lamella to another. Schacht (62) 
showed that fibrils, when arranged in 
opposite directions in the membrane, 
have opposite properties in polarized 
light. The granules and fibrils, with 
their adhering protoplasmic materials, 
constitute a typical colloid system. 
These earlier workers were concerned 
with the physical rather than the chemi- 
cal aspects of the system. Between 1840 
and 1860 others {e.g., 30, 56) made 
many contributions to the chemical 
nature of cell wall materials. They 
identified “cellulose” and “incrnsting 
substances”, which interfered with the 
chemical reactions of the cellulose, and 
found that cellulose, nitrogenous ma- 
terials, minerals and ])ectic substances 
can be identified in most cell walls. 
Niigeli (52), using polarized light for 
microscopic observations, discounted, in 
the opticfal sense, the non-doubly re- 
fractive, gelatinous wall material of 
Fremy and Payen, and concluded that 
the cell wall is made uj) of micro.scopi- 
cally invisible crystalline “micellae” 
which are nearly contiguous; that by 
moistening with water or aqueo\is fluids 
the surfaces of these micellae take up 
water and the previously hard substance 
becomes soft ; and that, upon evapora- 
tion, the condition is revei*sed. 

The ‘ ‘ Micellar Hypothesis ’ ’ w'as j)opu- 
lar and the conclusions of Payen and 
Fremy were frequently overlooketl until 
Mangin (47) published his valuable histo- 
logical menioires dealing with the heter- 
ogeneous chemical nature of cell walls 
in 1889. Strasburger (79) had found, 
however, that cell walls, in general, have 
both solid and gel-like constituents, the 
latter in the form of a reticular colloidal 
framework ; and that growth in thickness 
takes place by the deposition of gel and 
granular “mierosomes”. Molisch (51) 
found that the microsomes are connected 
by flne flbrils of protoplasm, while:others 
(34, 82), in effecting the macrochemical 
separation of cell membrane constitu- 


ents, found that the removal of masses 
of this colloidal gel brings about cell wall 
disintegration. 

Farr and Bckerson (26) in 1934, by 
means of microehemical analyses and ob- 
servations in polarized light, determined 
the cellulose nature of Strasburger ’s gel- 
coated microsomes and the uon-cellulosic 
nature of the gel itself. The microsomes 
were renamed “cellulose i)articles” and 
the gel “cementing material” (Figure 
2). Others {e.g., 36, 88) have described 
a similar two-phase structure in cell 
walls. Wieler compares the relation of 
the eellulosic and nou-cellulosic mem- 
brane materials with that of the droplets 
of honey in the honey-comb to the comb 
itself. Hess and co-workers (37) have 
reported that fiber walls are made up 
mostly of crystalline cellulose sur- 
rounded by a thizi sheath of other ma- 
terials which they have named “Haut- 
substanz”. They have comduded that 
the reccgnition of these two fiber com- 
ponents is important for the understand- 
ing of fiber structure as well as for re- 
actions to reagents. In both ramie and 
cotton fibers they have found that the 
nitrogenous “foreign substance” is fre- 
quently held fast during the purification 
process. Farr and Eckerson (27) have 
reported that the purified state of cellu- 
lose is not approached until the fibrous 
state is destroyed and the residue is in 
the form of a fine white powder. This 
change in physical .state they have 
described as “fiber disintegration,” 
brought about by removal of non-cellu- 
losic cementing material, and not as 
“cellulose degradation” which would in- 
volve changes in the crystalline cellulose 
itself. These findings have developed 
into the conception that the fiber wall is 
made up mostly of partic»date crystal- 
line cellulose which diffracts X-rays and 
is doubly refractive in polarized light, 
surrounded by a thin sheath of non-cellu- 
losic material v’hich is non-doubly re- 
fractive and amorphous. They are not 
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Fig, 2. A (Tipper left). Single i^cotton fiber with typical convolutions. B (Tipper right). 
Fiber disintegration, showing individhial fibrils and eemeiiting material or * ^ Hautsubstanz ’ 
x500. C (Center left). Disintegrating fiber Washed with solvent for cementing material reveals 
particulate structure of spiral fibrils, /x 700. D (Center right). Later stage of fiber and fibril 
disintegration. x700. E (Loider left). Single fibrils composed of rows of cellulose particles 
show swelling and blue coloration in sulphuric acid and iodine, x 700. F (Lower right). Fibrous 
pectate prepared according to the method of Baier and Wilson, x 1,380. 
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in keeping with the conception (7) that 
the cotton fiber wall is a continuous 
matrix of cellulose, some portions of 
Avliich are denser than others, and that 
tlie lamellate appearance of the wall is 
due to alternating zones of dense and less 
dense cellulose (43).- 
In 1938 Farr (24) described the col- 
loidal reaction of the cotton fiber wall 
constituents in ciipraramonium hydrox- 
ide to be primarily that of the non-cel lu- 
losic materials in which the cellulose par- 
ticles become dispersed. This result is 
corroborated by some woi'kers (9, 44) 
but is questioned by others (38, 39) who 
consider the reaction to be one of the 
cellulose component of the wall and 
affirm the value of the measurement of 


Current Trends in the Interpretation 
of Structure and Properties 

Hess (37) has recently confirmed his 
earlier observations of a primary wall of 
the native fiber whose structure, com- 
position and texture are different from 
those of the secondary wall ; and for the 
fibrils of the secondary lamellae, a sur- 
rounding-membrane of non-cellulosic 
material — probably pectin. He reports, 
in addition, a hitherto unobserved struc- 
tural element which he has named a 
“ground fibrilla”. Its relation to the 
other structural elements can be seen 
from the accompanying table. 

The “fibril segments” referred to in 
this table correspond to the “micro- 
scoraes” of Strasburger, the “cellulose 


STRUCTURAL ELEMENTS 

Primary wall 

DIAMETER 

~0.5p 

LENGTH 

LIGHT SOURCE 

Lamellae 

~ 0.2 n 


U. V.t| = 2750 a® 

Fibrils 

~ 0.2 p 


U. V.tj=:2750A‘=> 

Fibril segments 

~0.2p 

0.25^1 

U. V. T) = 2750 A^ 

Groiiiul-fibrillae 

80-150 A° 

(0.25 ^i) 

Electronbeam 

Crystalline Micellae 

> 60 A° 

> 1000 A° 

Cu Ka Radiation 

Molecule 

4.5 A° 

Unknown 



the cu})rammonium viscosity of fibrous 
materials as a basis for determining the 
molecular w’cight of cellulose. 

In 1939 Compton (18) reported a 
study of the reactions of cotton fiber wall 
constituents during the xanthatioii of 
fibrous materials. The two-phase struc- 
ture of the wall was in evidence* hrough- 
out, and the identity of the 'cellulose 
partit'les was not destroyed during vis- 
cose formation. 

Parr (25) described in 1941 the mi- 
croscopic aspects of the synthesis of 
cellulose in cellulose-forming plastids of 
living cells. During the period of forma- 
tion the cellulo.se is surrounded by a col- 
loidal matrix rich in protein and pectic 
material, and the final cell wall structure 
is the result of the organization of these 
and other protoplasmic components into 
a continuous, chemically heterogeneous, 
colloidal system. 


particles” of Farr and Eckerson and the 
similar structures described by Wieler in 
the cells of the “honeycomb”. The di- 
mensions as given by these authors are 
0.5 p, 1.1 X 1.5 p and 1.25 p respectively. 
Measurements made in fresh and dried 
material, unswollen and slightly swollen 
states, and in different optical systems, 
maj' account for these differences. The 
measurements of fibril segments were 
made by He.ss with an ultraviolet light 
source. The ground fibrillae. into which 
the fibril segments separate, were observ- 
able only in the electron microscope be- 
cause of their diminutive size. 

The ground fibrillae of Hess do not 
seem to correspond in their described 
origin and appearance with the ex- 
tremely fine fibrillar structures reported 
in the electron microscopic studies of cell 
wall materials by others (8, 61, 66). 
These latter structures have more in com- 
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mon with the anastamosing fibrils, some 
of which grade down to and^ beyond the 
limits of microscopic visibility, described 
by Bailey and Kerr. 

The chemical nature of these fine anas- 
tomosing fibrillae is not decided. The 
group of authors referred to above, along 
with Bailey and Kerr, have stated that 
they are cellulose. Wieler (88) reports 
similar structures in swelling reactions 
of many types of cell walls and has 
found that they represent one of the col- 
loidal states of the continiious phase of 
the cell wall (honey-comb) in which the 
cellulose granules are imbedded. Others 
(6), in a discussion of “fibrous pec- 
tates”, may have supplied a possible ex- 
planation of this finely fibrillar cell 
wall substance. Figure 2F illustrates a 
fibrous peetate and its microscopic struc- 
ture, as observed in ordinary light. As 
indicated by Wieler, such microscopic 
phenomena are hot uncommon in the 
manipulation of cell wall materials. Ob- 
servation of the subdivision of fibril seg- 
ments into ground fibrillae would require, 
on the other hand, extremely careful 
manipulation of wall materials in all 
stages of preparation for electron micro- 
scopic observation. (36). 

Hess reports, in addition, that syn- 
thetic fibers, beside the well known X-ray 
structure, have no maeromolecular struc- 
ture which will comq)are with the in- 
genious structure of the natural fiber. 
He .considers it likely, however, that in 
some cases of industrial processing, the 
“ground-fibrillae” are merely swollen, 
not broken down, and are again recon- 
stituted in the process of ' coagulation. 
These observations, as well as others, (18, 
24, 44), indicate the necessity for fur'ther 
study of the microscopic structure of 
synthetic fibers produced from cell walls, 
at all stages of industrial processing. , 

Still other workers (23) have con- 
tributed a detailed microscopic study of 
swelling reactions of native fibers in 
acids and alkalis. From all types of 


swelling and splitting observed, in which 
widespread disintegration of the swollen 
fiber takes place, small uniform-sized 
(0.5 X 1.5 p) particles were obtained in 
the form of unswollen residues. In less 
completely disintegrated fibers these par- 
ticles are seen with their long axes 
parallel to the fibril .axis, and the authors 
state that they are probably identical 
with the “cellulose particles” described 
by Farr. Continued treatment with hy- 
drolysing agents brings about disappear- 
ance of the particles themselves. 

The nature and importance of the non- 
cellulosic constituents of both native cell 
walls and processed materials has been 
refieeted in a number of recent studies : 

Wurz and Swoboda (89), applj’ing 
quantitative methods for uronic acids to 
easily parchmentizable and bleached sul- 
fite pulps, found (cafcd.) galaeturonic 
acid values of 2.05%-2.5%. Pulps that 
showed poor parchmentizability con- 
tained 1.4%-1.6%, and very poor pulps 
0.77%-0.94% galaeturonic acid. The 
authors discount the possibility bf the 
influence of oxycellulosc in the pulp. 
Addition of calcium pectatc to a pulp 
not readily parchmentizable improved its 
I)roperti«s. 

The npn-cellulosic incrustants in the 
jute fiber resemble, jh‘ their behavior, 
starch-size on a low-twisted, sized, cotton 
yarn, and while they themselves have 
little tensile strength, they contribute, in 
a marked manner, to the strength of the 
jute by cementing together the ultimate 
celhilose fiber bundles upon which the 
strength fundamentally depends (59). 

The “hemicellulpses”, named first 
(63) to denote a group of substances in 
the cell wall considered very closely re- 
lated to cellulose and as intermediate 
substances in its development, are being 
studied intensively. Vincent (86) re- 
ports that while most hemieelluloses are 
soluble in «lkali, no alkali extraction ever 
removes all the hemicellulose from 
fibrous material ; that hemieelluloses are 



CELL WALLS AND SYNTHETIC EIBEBS 


109 


not homogeneous, some fractions con- 
taining uronic acid, and that it is not 
satisfactory to classify these non-cell u- 
losie materials as “hemicelluloses” and 
“polyuronides”; that hemicellulose in 
pulp gives added strength and less re- 
sistance to beating ; that high hemicellu- 
lose content is not indicative of low 
viscosity; and that it is demonstrated 
beyond all reasonable doubt that high 
hemicellulosic content is very desirable 
in wood pulps. Some (2) have isolated 
and analyzed “hemicellulose” fractions 
from aspen holocellulose. The residts 
indicate the presence of galacturonic acid 
residues, which makes it highly probably 
that the fraction contains pectic ma- 
terial. Others (48) have found that 
liemicelluloses from liquefied tissues con- 
sist of uronic acid (generally (/-glu- 
curonic) united to a series of d-xylo.se 
units with which d-glucose may be asso- 
ciated. They resemble gums and mucil- 
ages iu that on hydrolysis they yield 
sugar units and a more resistant por- 
tion, an “aldobionic aeid”, which con- 
tains the uronic acid. 

pH motility curves for “depectinized” 
cotton continue to shift as treatment with 
1% NaOII continues, and from the shape 
of the curve they never reach a base line 
(72). The curve does not change in 
shape after 16 hours. This indicates 
that some pectic material is retained, al- 
though previous work indicated that all 
was removed after this length of treat- 
ment. 

The electrochemical activitj' of col- 
lodion membranes depends entirely upon 
the presence of impurities of an acidic 
(anionic) nature contained in the col- 
lodion Tised for their preparation (71). 
Active acidic impurities are largely due 
to partial oxidation which occurs in the 
manufacturing process, and partially due 
to acidic grbups which are present in the 
native cellulose. 

In the field of current research in the 
molecular interpretation . of structure 
and properties, Seymour reports (68) : 


“Fibers are all high molecular weight prod- 
nets and are related structurally to plasties and 
rubber. According to Mark the criterion which 
determines whether a macromoleculo is a rub- 
ber, a jilastic, or a fiber is based upon its ability 
to crystalli/x*. If the chain-like molecules fit 
well into the lattice they will crystallize and be 
fiber-like. If the forces between the chains are 
greater than 5,000 calories per unit mol, the 
j)roduct will exhibit the properties of a fiber. 
If the forces are less than 2,000 calories per mol, 
the product will be rubbery, and products hav- 
ing values in between will be plastics ’ \ 

Gordon (33) points out the tendency 
to study fundamentally the polymeriza- 
tion of single ])ure monomers, and, in the 
words of Mark and Raff, “although co- 
polymerization is playing an increas- 
ingly important role in the preparation 
and technical production of high poly- 
mers. only very little is known about the 
mechanism of this process.” 

“Recent Progress in Cellulose Chemis- 
try” (5) .states that the most promising 
advance iu studies of the degree of poly- 
merization of molecules is in the use of 
carefully fractionated samples. Calcula- 
tions by several different methods all 
lead to similar values which indicate 
that the molecules are neither fully 
.stretched nor randomly linked or coiled, 
but assume an intermediate shape of 
moderate undulation which becomes in- 
creasingly kinked as the degree of poly- 
merization increases. They add that it 
is imi)ortant to detenuine the ratio of 
amor])ho(is to crystalline or ordered re- 
gions in cellulo.se, since the amorphous 
regions are more easily accessible to 
chemical attack, c.g., water uptake, ab- 
sorption of organic vapors and of dyes. 

Fibers from Seaweeds 

One of the most significant current 
events in the field of research dealing 
with cell v'eUs and synthetic textiles is 
the successful manufacture of “alginate” 
fibers. Under the title of “Seaweed 
Rayon” Speakman (74) reviewed the 
progress iu this field in 1945. Tseng 
(83) in the same year helped to clarify 
the confused view'poiuts of these new 
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products in a short article entitled “The 
Terminology of Seaweed Colloids”. In 
conclusion he remarks: 

“In view of our incomplete knowledge of 
their chemistry it is still too early to propose 
a critical classification of seaweed colloids. It 
may be said, however, that there seem to be three 
groups of phycocolloids. First of all, we have 
the water-soluble ethereal sulfates as represented 
by agar, carrageenin, and fucoidin; they are 
similar to mucilages in some of their properties. 
Secondly, there arc the water-soluble reserve 
carbohydrates consisting exclusively of glucose 
xmits; they are represented by laminarin and 
occupy a position similar to that of starch in 
land plants. In the third group we have the 
alkali soluble polyuronides, represented by algin, 
which are analogous to pectin”. 

A tentative systematic arrangement of 
useful seaweeds and seaweed colloids 
given in diagrammatic form furnishes 
information with which both biologists 
and industrialists may conjure (83). 
The impressive array of cell wall ma- 
terials, the ease with which many of them 
may be separated for identification and 
determination of physical properties, 
and their chemical relationships to the 
wall materials of fibrous cells of higher 
plants, indicate their value for studies 
fundamental to the understanding of 
both native and processed cell wall ma- 
terials. 

Of particular interest is the role 
played by sodium and calcium in the 
current manufactxwe of seaweed textiles. 
Speakman and Chamberlain (73), using 
principles of current viscose practice, re- 
port that rayon of satisfactoi^ appear- 
ance, handle and strength may be ob- 
tained by extrudii^ a solution of sodium 
alginate into a coaigulating bath of N cal- 
cium chloride, 0.02 N hydrochloric acid 
and 2.5% by volume of olive oil emul- 
sified with an agent such as Lissapol C. 
In a later paper Chamberlain and co- 
workers (14) state that calcium alginate 
yarn seems to be suited as the stock ma- 
terial for all purposes. It can be con- 
verted , into woven or knitted fabrics 
which can then be made alkali-resistant 


in finishing by forming chromium or 
beryllium alginates. 

These reactions of seaweed colloids 
suggest the value of comparisons with 
the reactions of the pectic material of 
Jiigher plants (6) as well as the impor- 
tant functions played by calcium in the 
membranes of living cells. That such 
comparisons have given and still 
are giving pause in theoretical develop- 
ments is indicated in the following quo- 
tation (4) : 

‘ ‘ The fibrous poly -saccharide from seaweed, 
alginic acid (poly B-niammuronic acid), gives 
an excellent X-ray fiber photograph, but con- 
trary to expectation the period along the fiber 
axis is not the same as that of cellulose (10.3 A), 
but 8.7 A“, in spite of the fact that the chain 
molecules are undoubtedly in a fully extended 
configuration. The unification hero consists in 
explaining this paradox in terms of one and the 
same set of posUdatea^ vis., the ordinary ac- 
cepted inter-atomic distances and bond angles. 
In both cases the ring is the Sachse “arm- 
chair”, but at the two ends of this armchair 
there arc two possible directions of the glu- 
cosidic oxygen bond: one holds in cellulose 
and the other in alginic acid. Either config- 
uration may pass to the other by virtue of 
intramolecular oscillations, from which it fol- 
lows that 10.3 is not the prerogative of cellulose 
and the 8.7 period is not the prerogative of 
alginic acid. It is now conceivable that deriva- 
tives of either may be found, under the right 
conditions, to have either period. Neither are 
these two periods characteristic of B residues 
only, for the alginic acid configuration is ap- 
parently assumed also by pectin, which is built 
from d-galacturonic acid residues”. 

It is to be expected that, from the in- 
dustrial development of seaweed textiles, 
valuable information concerning the 
many types of cell wall constituents 
there represented, and their relation to 
the physical properties of both the native 
and processed states, will be more clearly 
understood. It is to be hoped that all of 
the valuable techniques which have been 
developed in connection with both the 
molecular and the colloidal interpreta- 
tions of cell wall composition will be 
brought to bear upon the problems to the 
end that the properties of cell wall com- 
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poiients throuf'hout the plant kingdom 
may be more accurately appraised. 

Conclusion 

The biologists, chemists and indus- 
trialists of the past century bas(‘d their 
interpretations of the nature of cell walls 
and synthetic textiles upon chemical 
analyses, microscopic anal 5 'ses and the 
general colloidal behavior of the ma- 
terials exhibited in their native and pro- 
cessed states. The inve.stigations of the 
present century have added to these the 
more or less generally used techniques 
of X-ray ditf faction (3), refinements in 
viscosimetry (76) and osmometry (87), 
electrophoresis (46), ultra-eentrif liga- 
tion (57), electron microscopy (58), 
ultraviolet microscopy (37, 69), micro- 
radiography (16), mieroincineration 
(80), phase difference microscopy (10) 
and the jiroduction of crystalline galac- 
luronates (42). It is encouraging to 
note that data obtained by means of these 
techniques are being used in both the 
mole(!ular and the colloidal interpreta- 
tions of the ju'operties of cell walls and 
synthetic textiles. The intensive re- 
search now in progress and careful 
evaluation of the data obtained may lead, 
within this century, to the solution of 
many of the problems in structure and 
composition which are here outlined and 
briefly discussed. 

Simimary 

1. The manufacture of .synthetic tex- 
tiles was anticipated by Robert Hooke 
in a treatise on microscopy published in 
1665. 

2. Researches of John Mercer, 
Edward Schweizer, and contemporary 
workers laid the foundations of present 
industrial practices during the middle of 
the nineteenth eenturj'. 

3. In 1885 Count Hilaire de Char- 
donnet obtained a British patent cover- 
ing the first successful commercial pro- 
cess for the preparation of artificial silk. 


4. Man-made fibers are currently 
manufactured from plant cell-wall ma- 
terial under such technical names as 
“cellulose nitrates”, “cellulose ace- 
tates”, “cellulose xanthates” and “cup- 
rammonium mellulose”. 

5. The trade names “artificial silk”, 
“rayon” and “s.\Tithetic fibers” are 
applied, upon occasion, to any one of 
these i)rocessed forms. The terminology 
is confused, and efforts are being made 
to clarify it. 

6. Plant fibers are used almost ex- 
clusively for the manufacture of .syn- 
thetic textiles, although seaweeds are now 
being processed for similar purposes. 

7. In the jiroduction of man-made 
fibers the art has preceded the science, 
and the structure and composition of 
both native and processed materials are 
not clearly understood. Accumulated 
information has led to the development 
of the “molecular” and the “colloidal 
interpretation”. 

8. The molecular interjiretation holds 
that the cellulose molecule is the func- 
tional unit which determines the proper- 
ties of native cell walls as w'ell as their 
synthetic derivatives. The colloidal in- 
terjiretation e.vplains the same, properties 
upon the basis of a heterogeneous chemi- 
cal system, established through the vital 
activity of the colloidal protoplasm, and 
persisting, in varying degrees, through- 
out the treatments involved in industrial 
proce.ssing. 

9. Examjiles from various parts of 
the plant kingdom reveal the fact that 
the properties of pla.sticity and deform- 
ability are achieved in native cell walls 
through the use of non-cellulosie ma- 
terials ; that membranes rich in cellulose 
are no longer plastic; and that extra- 
ordinary jirocedures are involved in re- 
versing this state of rigidity in the ma- 
ture cell wall. Industry relies upon 
more or less drastic chemical and ph 3 "si- 
cal processes; the cells themselves bring 
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about such a reversal througrh the use of 
enzymes. 

10. It is to be hoped that all of the 
valuable techniques which have been de- 
veloped in connection with both the 
molecular and colloidal interpretations 
will be brought to bear upon the prob- 
lems of (mrrent importance to the end 
that the properties of cell walls and syn- 
thetic textiles may be more accurately 
appraised. 
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Utilization Abstracts 


The Shelterbelt Project Pronounced 
a Success. In 1934 the most ambitious utili- 
zation oi* living trees and .shrubs ever con- 
ct'ived to diminish the injurious effects ot* ad- 
v(Tse climatic conditions, was instituted in the 
United State's as the Prairic' States Forestry 
Project and thereafter popularly known as 
the Shelterbelt Project, “Its chief purpo.ses 
were, through tree planting, to ameliorate 
drought conditions, protect crops and live- 
stock, n*duce dust storms, and provide useful 
<‘mj)loyment for a drought-stricken people” 
in a strip of the country extending from 
Canada through North and South Dakota, 
Nt'braska, Kansas and Oklahoma into central 
Texas. 

Tlie idea originated with President Frank- 
lin 1). Roosevelt in 1932 and its execution 
was stimulated by the drought and dust 
storms of 1934. It was j)lanned and earried 
out by the U. S. Forest Service and Soil 
Conservation Service, almost exclusively on 
relief funds, ht'ginning in 1935 and continu- 
ing until 1943 when the Works Pro^r*t*ss Ad- 
ministration was terminated. On the basis 
of extensive pi’climinary studies, the project 
was pursued from 1935 through by 

planting 220 million trees and shrubs in 
30,223 belts on 33,000 farms, the belts cov- 
ering 238,000 acres and totaling 18,600 miles 
in length. Most of the belts were along 
property lines and varied in length from one- 
eighth to one, and in a few instances to two, 
miles. Within the belts the number of rows 
of trees and shrubs varied from one to 56. 
The rows within the belts were from eight to 
14 feet apart, and the trees were &*om six 
to eight feet apart, the .shrubs from two to 
four feet apart. 


In 1944 a survey was mad(‘ in order to ap- 
praise the results of the project. Of the 
more than 30,000 belts originally planted, 
1,079 were examined, or 3.6<'/, which repre- 
sented 2.7^/ of lh(' total mileage and about 
3Sr of the 220,000,000 trees and shrubs. 
Many features W(‘r(» taken into consideration 
in this .snrvc'y and a detailed report rendered 
on the survival of the 44 kinds of trees and 
shrubs planted. These* notes constitute a 
resume of that report, excerpts from the 
summary of which are: 

“In terms of meeting the main purpose for 
which the* belts were establisheel, that of pro- 
te*e*tie)n against winel, the Project was a sne- 
e*ess. For the area as a wliole, 78.4 pe»rcent 
of the belts were rated as gooei or bette»r, and 
only 10.4 percent as unsat isfacteiry. Tree 
survival throughout the entire area covered 
was gene*rally goe)d. Survival of those spe- 
cies which were planted in more than 100 
rows (probably also in more than 100 belts) 
ranged from 39.2 percent for ponderosa pirn* 
(267 rows), the poorest, to 85.0 percent for 
hoxelder (159 rows), the best. 

“Benefits which have already been derived 
from the progi*am include landscape im- 
provement, control of wind erosion, snow 
traps along highways, protection of farm- 
steads, gardens, orchards, and feed lots, pro- 
viding a haven for game and .song birds, fur- 
nishing wild fruit for preserves, providing 
fence posts and small poles for use on the 
farm, and bringing new districts into the soil 
conservation program. 

“The Shelterbelt Project has been a suc- 
cess.” (E, N. Munns and J, if. Stoeckeler, 
Journal of Forestry 4i: 237. 1916). 
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Chemical Utilization of Wood. The 

very important problem of profitable utiliza- 
tion of the huge amount, of wood annually 
wasted in the United States is one of the 
chief concerns of the Forest Products Lab- 
oratory, operated by the U. S. Forest Service 
at Madison, Wisconsin. While the Labora- 
tory’s approach to the problem is from the 
chemical standpoint, it is recognized that 
‘^economical harvesting and transporting of 
wood waste so that it can be delivered 
cheaply for chemical use seems to be the big- 
gest obstacle confronting the chei^ical utili- 
zation of wood”. 

Such chemical utilization of wood waste 
may be divided into six categories, viz,, pulp- 
ing, extraction, hydrolysis, destructive distil- 
lation, reactions with various chemicals, and 
chemical treatment to improve the qualities 
of wood. 

Pulping yields not only paper pulp on a 
large scale but also tannin from chestnut 
chips on a smaller scale. Waste liquors from 
pulping processes are sources of soluble 
lignin, hemicelluloses and wood extractives, 
all of considerable potential value. Turpen- 
tine and tall oil are now being recovered to 
a limited extent from the sulphate pulping 
of southern yellow pine. Tall oil is used in 
drying-oils and soaps. Sulphite waste liquor 
findKS some use as a dust settler for roads. 
Lignin is serving as a dispersing agent for 
cement in the making of concrete, and is be- 
ing incorporated in the negative-plate paste 
of electrical storage batteries; it also finds 
use in the manufacture of vanillin, the active 
constituent in vanilla extract. Soda-mill 
lignin may becoine useful for laminated 
plasties without addition of auxiliary resin, 
and it has been shown to be useful as a 
phenolic-resin diluent. The heniicellidoses are 
converted almost entirely to sugars in the 
sulphite process, and those sugars, to some ex- 
. tent, are being fermented to ethyl alcohol and 
used for growing yeast. 

Extraction processes still await* much de- 
velopment and can be profitably applied at 
present to only a few species, yielding, in 
particular, turpentine and r6sin from south- 
ern pine, stumps, and tannin from chestnut 
and hemlock. 

Hydrolysis of the carbohydrate portion of 
wood to sugar, and then fermentation of the 
latter to alcohol, represent the generalized 


process of manufacturing ethyl or grain 
alcohol from wood waste. “If all the sulphite 
liquor from i)ulp mills producing more than 
100 tons of pulp a day were fermented, alco- 
hol production from this source would be 
about 30 million gallons of alcohol per year, 
which is about 3 percent of the present an- 
nual production.” Such manufacture must 
compete with alcohol production from grain 
and possible production from petroleum. 

Fermentation of wood sugars can also pro- 
duce acetone, butanol, 2,3-butylene glycol and 
lactic acid, useful as solvents and as raw 
materials in making synthetic rubber and 
plastics. And fodder yeast can be grown 
on the total sugars as well as on the still 
bottoms. 

Destructive distillation of wood, formerly 
an industry of some size, has dwindled since 
development of the present method for mak- 
ing synthetic wood alcohol, and revival of 
the industry is dependent upon the develop- 
ment of new techniques. 

Studies in the hydrogenation of wood have 
shown that lignin dissolved in organic sol- 
vents or suspended in water can be made to 
react with hydrogen gas, producing new 
cyclic alcohols that show promise as plastic 
solvents, antiknock agents for motor fuel, 
and toxic agents. 

Lastly, there is the production of modified 
woods through treatment with resins and in 
other ways. {A. J. Stamm, Journal of For- 
estry 41: 21)8, 194(f), 

Sunflower Se6ds. Sunflower seeds con- 
tain 32%--45% of edible oil, and the plants 
have long been extensively grown in the 
U.S.S.B., Roumania and Argentina for pro- 
duction of oil. More recently the crop has 
made headway in the U.S.A., Canada, Uru- 
guay, Hungary, Rhodesia and other lands. 
In 1940, under the impetus provided by the 
war through a decreased supply of vegetable 
oils, experiments were undertaken in Great 
Britain toward raising the plants as a source 
of oil. The results so far indicate that they 
can be commercially grown and utilized there. 
A book of 155 pages and 20 plates has re- 
cently been published in Jjondon on the sub- 
ject : Hurt, E.^ F. — Sunflower for food, fod- 
der and fertility. 

Sunflower oil is a semi-drying oil equal to 
the best olive oil in its medicinal and feeding 
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value for human consumption. It is excellent 
for margarine and salad oil and as a substi- 
tute for cooking lard. The seeds make good 
poultry feed and the residue from oil extrac- 
tion is a valuable livestock feed. {W. B. 
Brierley, N ature 1 5 7 : 604, 1 9 i 6' ) . 

Medicinal Plants. In northeastern 
United States— New Jersey, New York and 
all the New England states — there are 67 
wild species of herbaceous plants (listed in 
the article) possessing medicinal properties 
that might serve* as commercial sources of 
drugs, but which have not yet been used as 
such, not even in the recent war emergency. 
So far as Maine is concerned, for instance, 
only a little collecting of juniper berries and 
of lycopodium spores has been profitably 
conducted by a few individuals. 

Cnltivalion of drug plants in the area, ex- 
cept for temporary spurts, has deerea.sed 
since World War I. In 1918, for example, 
four growers in New Jersey raised bella- 
donna on about 35 acres; in 1941 the acreage 
was practically nil. In some other states, 
however, including Wisconsin, Pennsylvania, 
Virginia, Tennessee and Ohio, belladonna 
was harvested on 400 to 500 acres in the 
autumn of 1942 as a result of seed distribu- 
tion by the U. S. Department of Agriculture 
in the spring of that year. 

At least nine other kinds of drug plants 
(listed in the article) were found in approxi- 
mately 2,400 nurserie.s, but of them only Con- 
vidlaria was being raised in considei*able 
quantities. {R, H, Cheney, Bull. Torrey Bot. 
Club 73: 60. 1946). 

Pre-harvest Fruit Drop. la 1939 it 
was announced that premature frait drop 
can be prevented in fruit trees by use of 
hormone sprays, and by 1942 commi^ieial use 
of such sprays had developed to the extent 
that 75,000 to 80,000 acres of apples were 
treated that year in the United States. More 
recently experiments have been conducted 
during five* seasons on tlie use of such sprays 
on five varieties of apple and one of pear at 
the East Mailing Research Station, England, 
a- rmphthaleneacetie acid in concentrations 
ranging from 21 to 10 p.p.m. were tried. A 
large significant gain in crop was* obtained 
with the pear and three of the apple vari<»ties. 
{M. C. Vyvyan, Jour, Pom. Hart. Sci. 22: 
It 1946).' 


Peanuts. At the Southern Regional Re- 
search Laboratory, New Orleans, a compre- 
hensive investigation is under way concern- 
ing the industrial utilization of peanutr:. An 
excellent account of this work was published 
last year, and these notes are based on that 
report. 

The increased demand for new sources of 
oil that resulted from the recent war was in 
part responsible for stimulating the Amer- 
ican peanut industry to such a degree that 
during the war it experienced a five-fold in- 
crease in cash value, finally bringing an esti- 
mated $200,000,000 annually to Southern 
farmers who produce the crops, and making 
peanuts in 1945, for the first time, the num- 
ber one cash crop in Georgia. 

Industrial utilization of peanuts, always 
secondary in importance to their use as food, 
involves, primarily, crushing them for oil and 
use of the residual high-protein meal as live- 
stock feed. For these purposes peanuts are 
normally used that do not meet food quality 
standards or that are in excess of food re- 
quirements. 

In 1940-41 35^/c of the peanut crop was 
crusheo, producing 171,000,000 pounds of oil 
and 260,000,000 pounds of meal. Of this 
production 75% to 90% of the oil was con- 
sumed in the manufacture of shortening and 
oleomargarine; all the meal went into live- 
stock feed. 

The industrial problems awaiting solution 
are concerned in part with finding uses for 
the by-products of the food- and oil-produc- 
ing processes, namely, the hulls, skins and 
embryos, and with obtaining greater extrac- 
tion of oil — ^from 5% to 9%> of it remains 
in the meal with present customary methods 
of hydraulic pressure. About 30,000 tons of 
hulls and 12 to 15 million pounds each of 
skins and embryos accumulate annually in 
the United States as by-products of the 
major industrial processes. The manufacture 
of peanut butter is the principal source of 
skins and embryos. Solvent extraction of the 
oil is not commercially employed in this coun- 
try, though that method leaves as little as 1%. 
of oil in the meal. 

About 90% of the peanut oil produced 
in this country goes into edible prod- 
ucts, principally vegetable shortening and 
oleomargarine. Some goes into salad and 
cooking oils. Other uses of the oil include 
the manufacture of soap and shaving cream, 
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face creams and other cosmetics, and phar- 
maceutical preparations. And still other 
uses, minor in importance and still more or 
less in experimental stages, are as a massage 
oil in the aftertreatment of infantile paraly- 
sis; as a carrier of drugs, such as adrenalin 
and penicillin; in boring compounds, oil 
sprays and insecticide emulsions; as a textile 
or other lubricant ; for leather impregnation ; 
as a Diesel fuel; and as a gasoline and kero- 
sene substitute. The oil is not suitable, how- 
ever, in the manufacture of mayonnaise and 
salad dressings, for it may not remain com- 
pletely fluid at refrigerator tempei^atures. 

The Southern Research Laboratory is con- 
cerned with the development of all these and 
other possibilities, as well as with the prepa- 
ration of peanut proteins which may become 
the basis of textile fibers, adhesives, coatings, 
sizes and plastics, and a possible source of* 
amino acids. In England peanut protein 
fiber has been marketed under the name 
Ardil. {C, L, Wrenshall, Ghemurgic Digest 
5 ( 9 ): 157 . 1946 ). 

Shelterbelts in Russia,v In the subtropi- 
cal districts of Georgia, U.S.S.R., there are 
miles of tree shelterbelts planted to protect 
tea and citrus plantations against wind. 
Some of them are 10 to 12 years old with 
trees up to 35 feet in height. The best trees 
for this purpose have been found to be 
Sequoia, Cryptomeria, cypress, tulip, plane 
and poplar., the most profitable of all, in 
view of its also furnishing much cordwood, 
being Cryptomeria. In addition to providing 
shelter the various species also furnish wood 
and serve as sources of essential oils and 
resins. (N. Yushkevichf, Journal of Forestry 
44 : 206 . 1946 ). 

Castor Beans. In 1850 there were 23 
castor oil mills in the United States — ^in 
Illinois, Missouri, Virginia, Tennessee, Penn- 
sylvania, Alabama*' and Arkansas. St. Jjouis 
was the commercial center of the industry. 
In 1870 there ^re only six mills in opera- 
tion^ in Texas, Missouri, New Jersey and 
Tennessee. In 1880 the domestic production 
of castor oil amounted to nearly 24 n^illion 
pounds, and an additional 2i million pounds 
were imported. Thereafter domestic produc- 
tion drcfl^ped, reaching about 20,000 pounds 
in 1920^ fund today there is not any commer- 
cial cai^or bean production in this country. 


By 1940, however, importations of the beans 
had increased to 3073 million pounds, and 
the mills handling these importations today 
are on the East coast. 

India formerly was the great source of cas- 
tor beans, but production has shifted to the 
New World, and during the recent war im- 
portations into the United States were almost 
entirely from Brazil and Mexico. 

Prom the leaves of castor plants the 
Woburn Chemical Corporation has developed 
an insecticide, Spra-Kast, and the stems are 
a source of pulp and cellulose which can be 
used in making cardboard containers, wall- 
board, newsprint and kraft and other papers, 
provided the economics of handling make it 
profitable. Oil is extracted from the seeds 
oj beans, and the remaining pomace, which 
contains a poisonous substance that makes it 
unsuitable as P^ ostock feed, is used as a 
high-nitrogen fertilizer. 

It is the oil, pressed from the seeds, that 
is the important and commercially valuable 
product of the plant. It enters into the 
manufacture of at least 25 kinds of products 
(listed in the article), and the foremost new 
development in its utilization is the produc- 
tion of hydrated cast *r oil, used as a fast 
drying oil for paint and varnishes. This 
.hydrated oil accounted for 64 million of the 
77 million pounds of castor oil used in 1944. 
Other quantities are converted into sebasic 
acid and capryl alcohol for the plastics in- 
dustries. ^ 

Bstabli.'-hment of an American castor bean 
industry and independence of foreign sources 
involves solution of various harvesting and 
handling problems, and to this end the ser- 
vices of plant breeders as well as engineers is 
needed. Breeding work can contribute by 
providing strains of suitable height with fine 
stems and capsules that do not drop or shat- 
ter too readily; in short, varieties that will 
be high-yielding, non-shattering, disease-re- 
sistant and adapted to mechanized handling. 
Work along these lines was conducted by the 
U» S. Department of Agriculture in States 
in southern parts of the country in 1941, 
1942 and 1943, and similar work is being 
continued at the Bureau of Plant Industry 
Station, Beltsville, Md., at the University of 
NebrasP^, Louisiana State University and the 
Illinois Agricultural Experiment Station. 
(JR. 0. Weigel OHd W. L. Burlison, Chsmurgic 
Digest 5(9): lb7. 194€). 
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The Plant Resources of Peru 


Cotton, sugarcane, rice, maize, yuca, bananas, Hax 
and olives grow on the coastal lowlands; oca, ullucu, 
ahu, quinua and temperate climate fruit trees in 
the mountains; cinchona, coffee, mahogany, Spanish 
cedar, palms, bamboo and cube in the forested 
montaha. 

W. H. HODGE' 

University of Massachusetts 


Introduction 

Peru’s economy, like that of most 
South American countries, is based upon 
agriculture. From pre-lncaic days to 
the present time crop plants have been 
the most important of her natural re- 
sources, and this in spite of the fact that 
the greater part of her habitable terrain 
is either inhospitable desert, uncultivable 
mountain slopes or impenetrable lowland 
rain-forest. In the face of such difiBeul- 
ties ancient Andean civilizations, culmi- 
nating in the Incas (1200-1500 a.d.), 
raised agriculture and agricultural prac- 
tices to the highest degree encountered in 
the Western Hemisphere at the time of 
the Spanish Conquest. 

The two most important food plants 
indigenous to the New World — maize 
(Zea Mays L.) and potato {^planum 
tuberosum L. ) — were possibly | brdught 
into cultivation for the first ,#me by 
ancient Peruvians, who, in theia ^yday, 
not only had domesticated ^ut 70 
native species but also were familiar with 
the products of more than 200 different 
plants. Several of these are familiar 
species, including : 

Chili {Capsicum frutescens L. var. 

longum'JQOC.) Bailey) : The orange- 
' red frdm yield a pungei^ epndi- 
ment, cayenne or red pepi)W, and 
1 Fonnerly Botanist (1948-1945) of the U. S. 
Government Cinchona hQssion, Lima, Pern. 


are used in other culinary wayS; 
also medicinally. 

Cinchona {Cinchona spp.) : The source 
of the all-important febrifuge, qui- 
nine, and of similar alkaloids. 

Cherimoya {Annona Cherimolia 
Mill.) : The green spherical or coni- 
cal fruits up to 10 inches long are an 
esteemed tropical dessert fruit. 

Coca {Erythroxylon Coca Lam.) : The 
leaves are used as a masticatory by 
the natives and are the source of 
cocaine. 

Cotton {Gossypium peruvianum Cav.) : 
The seed-borne fibres constitute the 
world’s most important textile mate- 
rial (including other species and 
varieties of the same genus). 

Guava {Psidium Guajava L.) : The 
yellow berry-like fruit, two inches 
long, is eaten raw or used in jellies, 
preserves and pastes. 

Kidney Bean {Phaseolus vulgaris L.) : 
The common “garden”, “snap” or 
“string bean”, 

Lficumo {Lucunia ohovata H.B.K.) : A 
name applied to a common edible 
tropical fruit. 

Lima Bean {Phaseolus lunaius L.)® 

Peanut {Arachis hypogaea L.)® 

Pineapple {Ananas comosus (L.) 
Merr. = A. sativus Schult. f.)® 

Tomato {Lycopersicon esculentum 
Mill.)® 

* Too well known to need comment here. 
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IjelBB familiar to us because less widely 
cuitirated outside their native Andes 

Achira {Canna edulia Ker-Gawl.) : 
The tubers» are a source of arrow- 
root. 

Anu {Tropaeolum tuberosum Biiiz & 
Pav.) : Furnishes an edible tuber.® 
Arracacha {Arracaeia escvlenia DC.) : 
The tubers are the edible ‘ ‘ Peruvian 
carrot”. 

Jataco {Amaranthus caudatus L.) 
Llacou {Polymnia sonchifolia Pbepp. 
' & Endl.) 

Oca (Oxalis tuberosa Molina) : Fur- 
nishes an edible tuber.® 

Ullucu {Ullucus tuberosus Caldas) : 

Furnishes an edible tuber.® 

■ Quinua {Chenopodium Quinoa'W illd .) : 

Furnishes cereal-like crop. 

• Ccanihua-^jf palUdicaule 

Aellenj*': Furnishes a cereal-like 
crop. 


grown widely in temperate as well as 
tropical parts of the world emphasizes j 
the fact that Peru has a wide range of 
climates, at least as far as temperature 
is concerned, brought about not only by 
her great latitudinal length (3“ to 18° 
south latitude) but also by her high ele- 
vation (up to 22,000 ft.). Although 
situated close to the equator in the north, 
the cool weather of the Andes makes it 
possible for Peruvians to cultivate both 
native and introduced temperate species 
as well as tropical and sub-tropical spe- 
cies which can be grown of course in 
the lowlands. Sometimes overlooked, by 
Peruvians especially, is the fact that cer- 
tain temperate species, originating in 
high latitudes, reqidre for their maturing 
special environmental factors, such as 
long daylight hours, which cannot be 
duplicated close to the equator. And 
certain native plants of the Peruvian 
Andes may refuse to grow in high tem- 
perate latitudes because of similar 


Since the conquest, Peru has continued 
her gifts of new plants to the world, 
chiefly to the field of horticulture, in- 
cluding garden favorites in the following 
genera: 


Calceolaria Gongora 

Crooopis MirabUis 

Diefienbwchm Schinus 

Eustephia ' ’ Stenomesson 
Fittonia Tropaedum 

Fuchsia Ur^eolii^a 

I r, < 

Outside this edible and .^oficultural 
galaxy is an jbsecticidal plant, cul|^ 
(Lonehocarpiyt spp.).' Of little -impaM 
tance prior t6 this decade, this 16wh( M 
genus has become one of the.j j | ^B 
valuable sources of rotepone. 
e^ many ^er potenti^ly 
pies of |^c<»|omic plants remain 
di^ver^. 

' 'T||*tviiMiiy Peruvian plant|||||| now 
.,«j^^l&b8traet of a^tiele by Di;/'|||||||e con- 
, , these tubers^' on page - 


reasons. 

Agriculture in Peru, like the count ’s 
natural vegetation, is divisible 
basis of the three principal physif|^|^i^|^^ j 
zones, ibmown locally,.j|s 
Costa), the mount^^^ 

Each of th eiy^^^^ ^Huyf^'OTfe^^ lias 
its charac|lKHK<^^fi^-'^nt' tecause of 
the diiflea^ll^llA^ of transporta- 
tion ,|^l|Mi||p=^^;(AA large scale agri- 
cuJH|i^V^pr(it^ction is still practiced 
the Pacific coast. ' 

I^nt Resources of the Coast 

p Oi^tal Pefu is an almost rainless 
^ ^jSjiert region, yet curiously enough on 
’^s narrow belt are grown the^ij^buntry^s 
two most important crops, cotton and 
suger. About 52 small rivers flow west- 
« Elsewhere in Latin America the Spanidi 
word ^^montaiSa^’ is nsed to define mountainous 
areas,’ but in l^em it is applied to all forested 
land whathsr ^in tlm mountains or in the low^ 
lands* 4 
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ward to the Pacific from their water- of total crop production on the coast will 
sheds high in the Andes. About 40 of depend on expensive new irrigation proj- 
these streams have suflScient water to eets. Since 1920, when the Peruvian 
form marginal oases of cultivated land, Government initiated a regular program 
maintained by irrigation. Some of the of desert reclamation, close to 741,000 
smaller rivers dry up completely during acres of new land have been turned over 
a part of the year ; others are utilized so to coastal agriculture through national 



PiQ. 1. Map of Pern showing |^ro<lfcetion 
centers of various crops. Note thft tobacco, 
cotton, kapok, rice, sugarcane, grapes «nd olives 
grow in the coastal area; wheat, baVtey, olives 
and grapes in the sierra area; tobacco, balata, 
rubber, coca, cub6, cinchona and coffee in the 
forested area. 

well that their waters are thoroughly 
exhausted before reaching the sea. Irri- 
gation, which started under pre-Incaic 
agricolturii^ is still the fundamental 
technical p^blem of Peruvian, coastal 
agriculture. The best desert ai^las' suit- 
able to crop growing under efiSci^nt irri- 
gation are now in use. Any expansion 



Fig. 2. Map of Peru showing approximate 
physiographic divisions of the country, 
coastal (left) up to 4000 feet, sierra (middle) 
from 4000 to 22,000 feet, and forested (right) 
from 200 to 10,000 feet. 


financing, and at the present time more 
than a million acres are under cultiva- 
tion on the coast. Most of this acreage 
is in cotton or sugarcane, crops whose 
cultivation are limited principally to that 
zone of oases which lies between Ica and 
Piura. The accessibility of the coastal 
valleys to the sea and to the main paral- 
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leliug: highway has facilitated economi- 
' cal transportation and Qpmmerce, and is 
the major reason why the principal 
center of Peru’s population is on the 
coast. 

Cotton. The main crop plant of the 
(joast and the backbone of Peruvian econ- 
o^ is cotton. It constitutes the. princi- 
pal agricultural export commodity and 
oite of the oldest of the crops, with at 
least one native species, Peruvian Pull 
Bough (Gdssypium peruvianum), having. 
been in cultivation since the pre-Colum- 
bian period. Cotton has added signifi- 
cance in the country’s economy in that 
the greater part of it is produced on small 
land holdings. Eighty-five per cent of 
Peru’s total cotton production comes 
from, a high quality, disease-resistant 
variety called Tangiiis, developed in 
l^ru in 1912 from .Smooth or Egyptian 
cotton. Tai]^is is the whitest of the 
wikid’s cottto varieties and always has 
brought premium prices in the world’s 
cotton markets.' The only other impor- 
tajit variety today is Pima cotton with a 
restricted market but bringing a higher 
price than Tangiiis, Of the coastal de- 
partments the states), Lima pro- 
duces about 60%, Ica 25%, Piura 15% 
and the other departments the balance of 
the total crop. Piura, in northern Peru, 
i$ the center .of c'tiltivation of the more 
pi^ocious and 'faster maturing Pima 
variety which is thus better fitted to 
I repel insect attacks common ^n thpt area. 
In order to combat the latter, to kbep up 
the fine qualities of the locally cropped 
varieties and to^jaid in the development 
■^f disease-resistant forms, the Peimvian 
Government supports the work ^f cotton 
specialists at' a modern experiment sta.' 
tion At La Molina , on the oub^ris of 
lama. 

Cotton is /'treated as a seasonaf crop 
and' is' planted in the August-September 
periov^^ iDuring October 800 pounds of 
: gu^jEUi^'^rtilizer per acre are applied. 

begins in late April, but ihe 


pickings are repeated several times from 
June to August. An acre of land yields 
upwards of 643 pounds of raw cotton, 
well above U. S. production, which when 
ginned equals 240 pounds of clean fiber 
and 400 pounds of seed. About 5% of 
the latter is held for re-seeding, while 
the remainder is processed. In 1942 the 
number of acres in cotton was 376,766, 
producing 72,500 metric tons of fiber, of 
which 11,250 tons were consumed by the 
11 local textile mills; 36,571 tons were 
exported. In the same year Peruvian 
mills crushed 113,065 tons of cotton seed 
to yield 19,500 tons of crud6 cotton seed 
oil and by-products. 

Sugarcane, introduced shortly after 
the Conquest, is second most impor- 
tant money crop in Peru. It is culti- 
vated north of Lima, under very favor- 
able coastal conditions of climate and 
soils, principally in the irrigated oases of 
the Chicama, Lambayeque and Santa 
Catalina valleys (in the Departments of 
Lambayeque and La Libertad), where 
80% of all Peruvian cane is grown. 
like cotton, a small grower’s crop||^p^'' 
greater part of the annual crop of j jiplji '’ 
cane is produced by about ten lar^^^^,"; 
endas. The acreage planted to cim|piw S 
remained static, «|pd approximately 185,- 
000 acres are -cdtwently planted. The 
yields, which in in, the Chicama and 

Santa Catalina valleys averaged about 
seven tons per acre, are very high. 

Unlike cotton, sugarcane is a year- 
round crop which produced 480,000 
metric tons of sugar in the period 1941- 
1942. About 66% of this was exported, 
principally to Chile, England, the United 
States and Bolivia. Sugar produced on 
the' coast accounts for about,,; AO % of 
Peru’s exports. Because of high yields, 
low cost of production and her favorable 
geographical position in-regard to poten- 
tial markets, Peru’s sugar producers are 
unusually well fitted to riidure unfavor- 
able periods tia the world’s sugar mar- 
kets. In addition, sugarcane production 
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has favorable social and economic aspects 
because the crop can be grown through- 
out the year, year in and year out, with- 
out rotation and on the same land. Em- 
ployment is thus steady the year round ; 
large sugar estates have grown up, and 
these offer their workers as favorable a 



although the Grace* mill at Paramonga 
has installed a modern paper factory 
which makes cardboard containers, wall- 
board, packing materials and similar 
products from it which find a ready in- 
ternal market. Pilterpress refuse is used 
as fertilizer which is run onto the fields 







Pig. 3. Ploughing with primititd equipment near Sicuani in the southern 'Peruvian high- 
lands. These fanners are descendante the old Incan people. The introduced eucalyptus trees 
(Eumljfpt)is globulus), bordering tho^ helds, are used for timber and fuel. 

standard of living as exists amoug any via the irrigation ditches; molasses, 
other type of worker in the country. mixed with selected bagasse, goes to 
The Peruvian sugar industry has not make an excellent cattle feed, 
neglected research and experimentation. Rice, basic food of coastal Peru, is 
with the result that sugar production in grown in both small and large holdings 

less than 2&| years has been increased (totaling approximately 120,000 acres) 

50% without 'hny increase in the total on the coast, particularly in the sugar- 

area cultivated. Utilization of l%e ^esi- producing departments of Lambayeque, 

dues from manufacture also gqes ott. La Libertad and Piura. These depart- 

Bagasse is used principally as boii^r fuel, ments^ together produce about 80% of 
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the annual crop, which in recent years 
has averaged between 75,000 and 100,000 
tons, a total insufficient to supply the 
internal consumption. 

Kapok. Kapok-yielding ceibos {Bom- 
bax spp.) are common and dominant 
members of the xerophytic forests, lo- 
cated on the westernmost slopes of the 
Andes in the northern Department of 
Piura. Ceibos may be seen in relatively 
large numbers along both the Sultana- 
Ayavaca road and the Lambayeq\ie- 
Huancabamba road. They cover a belt 
approximately 20 miles wide in the foot- 
hills, and grow up to approximately 
5,000-foot elevations. In this depart- 
ment the Avriter roughly estimates that 
there exist a million acres of ceibos with 
an average of about ten trees per acre, 
and with a ])otential kapok-prodneing 
capacity of 10,000 tons per crop year. 
Peruvian kapok is an uninvestigated po- 
tential export product, yet the location 
of these forests — close to the coastal cities 
of Sullaiia and Piura — is especially 
favorable for solving labor and trans- 
]>ortation problems. Cotton-ginning ma- 
chinery, common in this department, 
could probably be utilized in harvesting 
the floss which is usually mature in 
September. 

Other crops. A number of miscel- 
laneous agricultural prodiicts also are 
cultivated in the irrigated valleys of the 
coast. Flax is planted to a sniall extent 
in the valleys of Pativilca an>.l Canete, 
but increase in plantings of this rela- 
tively new croj) must await the solving 
of serious cultural problems. Olives are 
important in the Valleys of Mocjuegua 
(1000 tons a year), Camaua, Victor, Ilo 
and Azapa. Castor beans are cultivated 
in the Department of Piura. The De- 
partment of Ica is known for its vine- 
.vards which annually produce ten mil- 
lion liters of white and red wines as well 
as three million liters of piscoe, or pure 
grape spirits. Truck gardens are impor- 
tant in the valleys close to Lima, and all 


along the coast where irrigation occurs 
may be found sizable plantings of maize, 
yuca {Mnnihot esculenta Crantz., the 
source of farinha and tapioca), bananas 
and plantains, as well as figs, oranges, 
ma.ng«)es and pineapples. 

Plant Resources of the Mountains 

The Peruvian sierra, or mountain 
country, embraces an extensive belt, 
e.s.sentially the Andean mass, including 
lofty, cold deserts and semi-deserts, 
gra.sslantls and warmer intermont val- 
leys. The sierra is essentially a high 
treeless region with a cool climate and a 
seasonal rainfall, and will support most 
economic jdants requiring such a combi- 
nation of climatic factors. Planting of 
a few tuber crops, such a-s liardy ullucus 
and certain varieties of imtatoes, is jmssi- 
ble up to the upper limits of cultivation, 
about 14.000 ft., beyond which the agri- 
culture of the puna is limited to grazing. 
The zone of grains lies between 10,000 
and 13,000 ft., with maize culture extend- 
ing up to 11,000 ft., wheat up to 12,000 
ft. and barley up to 13,000 ft. Sugar- 
cane is grown at altitudes reaching 8,000 
ft., while bananas and oranges occur up 
to 6,000 ft. Irrigation is utilized with 
most crops, as oia the valley oases of the 
coast, in order to insure a constant and 
even supply of water; and because of 
this u.se, most sierra agriculture is limited 
to the larger intermont valleys dissecting 
the Andean plateau. In the Peruvian 
highlands rains fall generally from Oc- 
t<tber to April Avhich is the growing sea- 
son for both irrigated and non-irrigated 
crops. 

Unlike the coastal centers of agricAil- 
ture which have many large estates, the 
highlands possess small holdings, owned 
and worked in many districts by the 
native Indians of the Aymara and 
Qnechua races which form the great bulk 
of the sierra population. These peoples 
are still cultivating their native staple 
crops of maize, potatoes, ocas, ullucus, 




, Fia. 6. ( Upper left). Pruning the old base of a young budded rubber tree at Tingo Maria, 
Peru. Fig. 7. (Upper right). Seedling rubber trees to be used as budding stock at the joint 
Peru-U.S.A. Agricultural Experiment Station at Tingo Maria, Peru. Fia. 8. (Jjower left). 
A cinchona bark hunter’s camp on the upper Bio Tarabopata in the ‘*Ceja de la montana” of 
Peru near the Bolivian frontier. High grade quinine bark, e.g., C. Calisaya, grows on the ridge 
at the upper left, and the bark> after removal from the trees, is dried and packed at the camp. 
Fig. 9. (Lower rigki)- Oeibos (Bomhasc sp.) growing in the xerophytic open woodlands of the 
Chiplllico Eivijr valley in the Department of Piura. These trees are a source of kapok. 
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afiu, quiiiua — often on the amazing series 
of Incan terraces which have ])ersisted to 
this day in many steep-walled Andean 
valleys. Although considered the native 
home of. the potato, the highlands of 
Peru produce a supply barely sufficient 
to support her/‘oa.stal and sierra popula- 
tion. Potatoes are, neverthele.ss, grown 
throughout the highlands and with the 
other tuber ])lants and corn are one of 
the commonest commotlities met Avith in 
the prijuitivc Andean markets. 

A few varieties of potato and maize 
have long since been carried around the 
Avorhl, yet it is not gejicrally kJioAvn that 
ijinumerable other obscure varieties with 
valuable breeding possibilities, still are 
cultivated only in the high Andes. And 
it is also sui'j>risiug that the other flavor- 
some Andean tub(*rs, in particular the 
oca and hardy ullucu, have not Avar- 
ranled exteusiA’e trial plantings in tem- 
jAcrate potato-producing regiojis of the 
AVorhl. Like the potato Avith Avhich they 
arc ahvays groAvn in the Andes they 
might be d(‘veloped into new and valu- 
able sources of food.'* Quinua has hail a 
disappointing introduction to hlnrope. 
but even this crop cmdd stand additional 
study. The importance of quinua as a 
food among the Indians of tlie sierra has 
been recognized by the Peruvian Govern- 
ment Avhich voted a subsidy in 19:>7 to 
incrca.se the j)roduction and use of this 
native cereal. 

The group of indigenous food plants 
has been augmented since the Conquest 
by the introduction of the imponant t)ld 
AVorld gi'ains, Aiheat and barley, and the 
forage crop, alfalfa. Wheat formerly 
AA'as j)lanted on the coa.st, but today 90% 
of the country’s production is grown — 
generally witliout irrigation — on ele- 
vated slopes or valleys of the Andes in 
regions Avhere the more fertile irrigated 
areas are reserved for corn or potato 
cultivation. Due to its isolated area of 
culture, the crop is difficult to transport 
to the coast, where demand for it is 


greate.st. The present annual Avheat pro- 
duction (101,771 tous in 1940) barely 
accounts for a third of the current Peru- 
vian consuni])tion. The Departments of 
Junin and Huancaveliea are the big 
wheat producers, AA'hile the Huancayo 
basin is the principal Avheat center, ac- 
counting for about 40(.o of the crop. 
Barley is cultivated to a less extent than 
Avheat and chiefly on the higher and 
colder altiplano surrounding Lake Titi- 
caca in the .southern Peruvian Depart- 
ment of Puno, Avhere it has become an 
imiAortant criAp among the highland 
Indians. 

In the intermontane and upper mon- 
tana river valleys of the Marafion, Man- 
taro, Apurimac, I’nibamba, Paucartarnbo 
and their pi’incipal tributaries there is a 
mild climate .suitable tiA the production 
of sugari'ane. Because iaI transport diffi- 
culties and smaller yield, cane ]Aroducers 
of the sierra are luiable to compete AA'ith 
coast priAdueers in the ]Aroductio)i of 
sugar, and so convert ]Aractically all their 
cane into uIciaIkaI, aguardiente, (ir other 
industrial spirits. It is e.stimated that 
:V/f’ of the sugarcane griAAvn in Peru is 
crushed in the sierra, but the same region 
produces 25'/c of the total alcohol manu- 
f act urcil. 

Most of these valley areas also produce 
teinjAcrate and sub-triApieal fruits includ- 
ing apples, jAeaches, plums, quinces, 
pears, oranges, tangerines, sweet lemiAiis 
and lemons; wild chirimoyas are also 
commiAii. Grown to siAme extent are 
minor crops such as anise.seed {Pimpi- 
nrlla Anisitm L.) aivd pyrethrum (C/iri/- 
saiUhemtim sp.). 

Certain native species of semi-xero- 
phytic middle elevations have been neg- 
lected and might bo develoiAcd into im- 
portant cro]A plants suited especially f<Ar 
jAlanting on teri’ain otherwi.se unfitted 
for any other typo of agriculture. Ex- 
amples are tara {Cncsalpiyica iiiictoria 
Domb.) and agav'e {Fuurcroya sp.), two 
plants AA’hieh are especially abundant in 




Fig. 10. (Upper). Irrigated eotton fields in the typical coastal oasis of Lurin, just out of 
Lima. This oagis was under cultivation hf the a ncicnt Peruvians who had a center, nearby Pacha- 
camac, from 'vvhicii' locality this view was taken. The trees are mostly Salix Bumholdtiana. 
Fig. 11. (IroWar). Agricultural use of land in the Vilcanota River Valle}^, south of C'uzco. 
On the slop^ are wheat fields; on the valley fioor, fields of quiiiua {Chenopodium Quinoa) and 
of an edible* lupine (Lupinus mvlahilis). 
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the northern half of the Peruvian high- 
landH. The pods of tara, a wild legumi- 
nous slinib of the western and inter- 
inoiitane Andean valleys, are very rich 
in tannin. Moreover, the seeds contain 
large (juantities of pectin which shoidd 
find some use. Ex])orts of the pod, either 
whole or powdered, have increased in 
recent years. In 194;! these ex])orts 
amounted to neai’ly 2,200 tons with a 
value of 490,000 soles ($78,400). Unlike 
many other tannin plants {e.y., species 
supplying wood and bark tannins), 
which are destroyed for their tannin con- 
tent. tara is uninjured and ])roduces suc- 
cc.ssive crops of jiods annually. There is 
a need for the study of tara culture. 
Agaves also might lend themselves to 
cropj)ing in the Andes and could become 
a more efficient aiul greater source of 
fiber which is in universal demand 
throughout Peru for making baling 
twijie. rope, etc. On the high treeless 
j)unH of southern Peru another native 
plant is of local importance as a com- 
bustible. This is the curious cushion- 
forming yareta {Azorvlla yarcta Hau- 
man) whose resinous stems and foliage, 
when dried, make an intense heat-j)ro- 
ducing fuel, which is even used to some 
extent by railroads in the region of the 
tfiiileau frontier. 

Timber. Peidiaps the most serious 
deficiency of the high sierra country, and 
the coast as well, is the lack of readily 
available timber supplies. Most of the 
habitable highlands lie above the tree- 
line. The few trees that exist in shel- 
tered areas, like quinuar (Polylepis 
spp.), have been largely eliminated by 
the highlanders in their unceasing search 
for firewood. Moreover, the tortuous 
narrow roads make transportation of 
lumber by truck up from the nearby 
montana forests most difficult. A par- 
tial solution to this timber scarcity was 
the successful introduction of fast-grow- 
ing Australian species of Eucalyptus 
which are now valuable crop trees 


throughout most of the highland valleys. 
The satisfactory growth of eucalyptus at 
high elevations suggests that other trees, 
perhaps superior as timber-producers, 
might also be introduced for forestation 
purposes. 

Plant Resources of the Forested 
Country (Montana)"’ 

More than 51% of Peruvian terri- 
tory is forest land, called “montana”, 
and lies east of the princii)al Andean 
axis. The forested area is very moist 
and is covered for the most ])art by an 
evergreen rain-forest formation which 
extends we.st from the tropical lowlands 
of the Amazon basin to the eastern slopes 
of the Andean front ranges up to timber- 
line at temperate elevations of about 
10,000 to 11,000 ft. In northern Peru 
where the Andes are lower, bits of tem- 
j)erate montana forest have crept across 
the mountains and are to be found as 
irregular patches on the western slopes 
in the Dei)artments of Piura. Lamba- 
yecpie and (’ajamarca. These scattered 
patch forests are actually southern out- 
liers of the forest formation of the west- 
ern Andean slopes of Ecuador. 

Peru’s fore.sted areas can be divided 
into two zones, the ceja de la montana 
(literally “eyebrow of the forest”), 
which includes those fringes of low- 
.statured, temperate, montana forests 
bordering upon the cold sierra; and the 
lowland montana, composed chiefly of 
tall tropical rain-forests. 

In the mountains, at elevations be- 
tween 2,000 and 6,000 ft., is the center 
of cultivation for the three C’s of ceja 
eroj).s — cascarilla, coca and coffee. The 
flrst two are native medicinal .species; 
cascarilla {Cinchona sipp.) is represented 
by trees whose bark constitutes the 
source of the important alkaloids <iui- 
nine, cinchonine, cinchonidine and quini- 

® For aid in preparing this account of the low- 
land forest species the writer is indebted to Dr. 
Russell J. Seibert of the Office of Rubber Plant 
Investigations, Washington, D. C- 
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dine,; and the shrub, coca, whose leaves 
are much chewed with liihe as a narcotic 
by the Indians of the sierra, is the source 
of the alkaloids cocaine and tropacocaine. 

Cinchona. The {jenus Cinchona is 
widespread throughout Peru, but the 
great majority of the forms are of no 
commercial importance except as possi- 
ble budding or breeding stock. Most 
recently exploited because of critical de- 
mand in World War II has been the 
einehouine-rich bark of Cinchona nii- 
crantha Ruiz. & Pav., knowui in northern 
and central Peru as “huanuco” and in 
southern Peru as “monopol”. The bark 
of this species averages between 3% and 
4% in total crystallizable alkaloids, 
mostly cinchonine; and more than 1,144 
tons of the bark of this species was har- 
vested during the period 1943-1945. 
Quinine-yielding species are C. Hum- 
holdtiana Wedd. (averaging 5%-7% of 
this alkaloid) of the Department of Caja- 
marca, C. rufintrvis Wedd. (averaging 
4%-5% quinine) and C. Calisaya Wedd. 
(averaging 4%-7% quinine) of the 
upper Tambopata and Inambari river 
valleys in the Department of Puno. 
These species, though relatively rich in 
crystallizable quinine alkaloid, are small 
trees which have been intensively sought 
and so are relatively few in numbers, and 
hence unimportant. C. Calisaya is the 
parent species of the high-yielding plan- 
tation forms (Ledgeriana strains) culti- 
vated so • intensively in Indonesia. C. 
Humboldtiana, a little known species of 
northern Peru, appears to be even richer 
';than wild calisaya and ought to be intro- 
duced into any important cinchona- 
breeding program. Of more importance 
to Peru is the current attempt to estab- 
lish local cinchona plantations’ with the 
idea of supplying sufficient quinine- 
yielding bark for her internal demands. 
A government plantation, Fundo Sin- 
chono, has already been established east 
of Tingo Maria in the Cordillera Azul, 
and has been stocked with high-yielding 


Ledgeriana strains. This project was 
initiated with the financial aid of the 
United States Oovernment, and as par- 
tial repayment for Peru’s willing help 
in exploiting her low-grade, wild, cin- 
chona stands during the war. 

Coca. Coca is cultivated as a sierra 
Indian crop oji small chacras (farms) 
situated in the more-accessible. Warm, 
forested valleys lying on the margins of 
the montaua in the Departments of Puno, 
Cuzco, Ayacucho and Huanuco. Most 
cocales, as coca plajitations are called, 
are to be found between 2,000 and 5,000 
ft. elevation ; the annual production of 
coca leaves averages betw’cen 5,*000 and 
6,000 tons, but the greater portion of this 
total is consumed as a masticatory by 
the highland Indian population. The 
200 to 300 tons of kjaves which have been 
exported annually in recent years have 
been utilized chiefly in the U.S.A. for 
flavoring soft drinks. Most pharma- 
ceutical cocaine is obtained from higher- 
yielding leaves produced in Java. 

Coffee. Coffee is cultivated through- 
out the ceja belt, but in appreciable 
quantities only in the Chauchamayo Val- 
ley of central Peru, and in the north, 
ea.st of Chiclayo, on the Pacific slopes at 
Monteseeo in the Department of Caja- 
marca. Peruvian coffee is of a rich 
grade, and the insignificant production 
is almost w’holly exported. Another Old 
World beverage plant, tea, has been suc- 
cessfully introduced into the iipper for- 
est region of the montana in recent years. 
Small areas have been planted in the 
Huallaga Valley near Tingo Maria,, and 
already locally-grown tea has made its 
appearance in the Lima market. 

The lowland montana (Peruvian Ama- 
zonia) is the country’s chief agricultural 
frontier and is still a virgin untouched 
area whose limitations are still its inac- 
cessibility and inadequate population. 
Great tracts of this country probably 
will support nothing more valuable than 
forest. Forest products will be, in fact. 
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Pig. 12. (Upper left), Auu, Tropaeolum tuberosum. Fig. 33. (Upper right). Oca, Oxa- 
lis tuherosa. Pig. 14. (Lower left). Ullucu, UUucus tuberosus. Pig. 35. (Lower right). 
Potato, Solatium tuberosum. The large dark ones are fresh; the small light-colored ones arc de- 
hydrated and known as * ^ chuho ’ ’ ; once prepared they keep for years. The broad brimmed, black - 
banded hat marks the woman as being from Huancayo. ? \ 
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among the first to be exploited, yet the 
forests are, except for small areas along 
the rivers or near long-established set- 
tlements, largely unknown. Most of the 
trees, if identifiable taxonomically, are 
certainly unknown as far as timber possi- 
bilities are concerned. A forest survey 
is a prime necessity for most all frontier 
regions in the Peruvian montana. 

Timber. A few better-known tropical 
hardwoods such as mahogany and cedar 
are being cut for export; and, as re- 
sources of fine cabinet wood diminish in 
other areas of the hemisphere, the ex- 
pansion’ of Peruvian lumbering will cer- 
tainly follow. Lumber mills exist near 
Iquitos in the Department of Loreto. 
Small mills have also been located near 
the eastern termini of the roads running 
from Lima to Tingo Maria, to the Chaii- 
chamayo Valley, and to Satipo — all in 
central Peru. Lumber cut in these areas 
is brought over the Andes by truck for 
consumption in Lima. Mahogany 
{Swietenia macrophylla King), locally 
called “aguano” or “caoba”, is the most 
important export lumber tree in Peru 
today, and this country is the biggest 
South American producer of this timber. 
Mahogany is apparently widespread in 
the Amazonian area, at elevations of 
400 to 3,400 feet, and all the way from 
northeastern Peru to the southern Madre 
de Dios region where it is very abundant, 
though unexploited. Unfortupately the 
grea1j|]i: proportion of Peruvian mahog- 
any, because of its scattered distribution, 
is inaccessible ; and only trees in the cen- 
tral area of the montafia, in the basin of 
the Huallaga and Ucayali Rivers, are 
now cut — the logs being then rafted to 
the mills at Iquitos. To obviate the diffi- 
cult and expensive search for widely 
scattered isolated trees — a distribution 
characteristic of most tropical rainforest 
species — ^the Iquitos mills, believing the 
greatest future for mahogany in Peru to 
lie in plantation-grown timber, are re- 
sorting to experimental plantations of 


this species. To date, about 15,000 trees 
have been planted. If such plantations 
are successful — and no plantation of a 
tropical American timber tree has yet 
succeeded — some sort of permanent man- 
aged program may be established. Prac- 
tically the entire mahogany production 
of Peru is exported as sawed lumber, and 
the greater proportion in recent years 
has gone to the United States; 2,500,000 
board feet were exported in 1939, and 
during World War II the Peruvian lum- 
ber was a high-priority product, particu- 
larly because it excels the same type of 
mahogany in other areas in its bending, 
compression and shearing strength. 

Second in importance as a commercial 
timber species is Spanish cedar (Cedrela 
odorata L.), commonly called “cedro 
Colorado”. Cedar is an abundant tree 
along the banks of rivers and streams, 
and its geographical distribution and ex- 
ploitation in Peru coincides with that of 
mahogany, with which it associates. 
Thus, although cedar is a large ami very 
abundant tree in the Department of 
Madre de Dios, its exploitation likewise 
is limited to the Huallaga and Ucayali 
valleys. As with mahogany, the timber 
is floated to iquitos. The fine wood of 
cedar is the most widely used instruc- 
tion timber in eastern Peru, and besides 
is the only native.i^Wber shipped in large 
quantities to wei^^m coastal Peru wm 
the long Amazon River and sea route. 
Small quantities of cedar are exported. 

It is interesting to note that these two 
most important commercial hardwoods 
are species widespread in tropical Amer- 
ica. Their exploitation in Peru dates 
from a comparatively recent time and 
post-dates their use elsewhere. Not a 
single tree species of Amazonia is of 
similar economic importance, yet this is 
certainly not due to the fact that such 
native species are absent from lowland 
Peru but rather can be explained by the 
fact that the other valuable timbers have 
yet not only to be discovered but also 
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need to have their wood properties in- 
N'estigated scientifically. Important fine 
hardwood species aidin<? the expansion 
of the Peruvian lumber industry will 
uudo\d)tedly be encountered amoii}? the 
Peruvian representatives of the Lanra- 
ecae as well as among such locally impor- 
tant timber species as tornillo {Cedre- 
linga catcnaeformis Ducke) of the Upper 
Huallaga; and castaila {Berth olletia cx- 
celsa H.B.K.), estoracpie {Myruxylon 
Balmmum (L.) Harms), huacapu (Lin- 
dackeria mayncnsis Poep|). & Eiidl.), 
mashomifste {Anonoearpus amazonicus 
Dncke), palo vibora {Phyllnuihus sp.), 
((iiillobordon {AspicUisperma suhinca- 
II urn Mart.), and tahuari {Tabehuia 
sp.) — all of the Peruvian Madre de Dios. 
At least one of -these timber species, 
castafia, is the producer of a poteiitially- 
important export item, the Brazil nut, 
wliich is also utilized locally to make oil. 
The species is very abundant — two or 
three trees per hectare — ^in the Peruvian 
Madre de Dios. 

Latex. Timber is but one class of 
l)roduots obtained from tree species of 
lowland I’eru. One of the better-known 
non-timber products is the latex of the 
Para rubber tree (Hcvea hrasiliciisis 
Muell.), called fino” and wide- 

spread throughout the great Amazon 
Itasin. The saga of rubber’s introduction 
to the Par East is too well known to be 
repeated here. Suffice it to s«y tnat 
World War II stimulated the return and 
develoi)ment of a i)lantation rubber in- 
diistry in Latin America. Peru’s pro- 
duction of wild rubber in recent years 
has been insignificant, and even with the 
stimulus of the recent war the greatest 
annual production w’as slightly less than 
1,000 tons. Yet present domestic re- 
quirements are only about 500 tons per 
year, a quantity which could be produced 
regularly, especially if the new .planta- 
tions initiated in the northeastern part 
of the country are successful. Iquitos 
and Puerto Maldonaldo are the chief col- 


lecting centers for wild rubber. Peru 
.has aided the Hemisphere Plantation 
Program esj)ecially in supplying wild 
seed from disease-resistant and extremely 
high-producing strains, not hitherto 
known to exist in Amazonia. Many of 
these wild types are from the out-of-the- 
way Madre de Dios section where they 
were discovered by the botanists of the 
LI. S. Depai'tment of Agriculture. Care- 
ful selection and breeding of these new 
strains at the several experimental rub- 
ber plantation centers of Latin America 
should produce stock w'hich can be grown 
even in Peru with its ravaging South- 
American leaf blight. Disease-resistant 
rubber can be then a new permanent and 
readily-available “cash crop” for the 
small farmer of the eastern lowlands. 

Coma debil (Hcvea lulea Muell.) and 
caucho {Castilla Ulei Warb.) are two 
other widely distributed latex trees pro- 
ducing poor-grade rubbers. Next to the 
Para rubber tree, the most important 
Peruvian latex-yielding species is Manil- 
kara hideniata A. DC., scattered wdld 
trees of which supidj’’ on an average 
annually several hundred tons of balata, 
a non-elastic substance used in the manu- 
facture of insulation. The principal 
balata-produeing areas of the montaiia 
are the basins of the Putumayo, Mara- 
fion, Napo. Ucayali, Nanay and Hiiallaga 
Rivers. The coagulated latex, gathered 
from felled trees, is shipped to Iquitos 
for export. Miscellaneous other latices — 
obtained principally Irom Parahancornia 
amapa Ducke and species of Saiiinm, 
Pscudolmedia and Lucuma — , are some- 
times used as balata adulterants. 

Palms. Potentially one of the most 
important groups of plants of the Peru- 
vian montaiia, and one of which very 
little is known, is that of the palms Avith 
a widespread distribution throughout 
Amazonia. Only a single species, Phy- 
telephas macrocarpa Ruiz. & Pav., the 
tagua palm, is of much economic impor- 
tance, its hard white seed supplying the 
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“vegetable ivory” of commerce, which 
recently has been exported from Iquitos 
in amounts averaging about 1,000 tons 
annually. Although only the tagua palm 
finds more than local use there yet exist 
dozens of potentially more important 
palms whose products are at present 
used only by lowland forest Indians. 
The ehambira palm {Astrocaryum spp.), 
besides producing one of the strongest 
epidermal leaf fibers — locally made into 
cord for fish lines, hammocks, etc. — also 
has seed kernels rich in palm oil. The 
fine pulp oil of various species of the 
genus Jessenia also has commercial possi- 
bilities; and chonta or pijuayo {Ouili- 
elma gastpaes) has a tough, close-grained, 
flexible wood which could be utilized in 
the manufacture of high-grade sporting 
articles such as fish-poles, gun-stocks, etc. 
A distinguished authority on palms has 
recently remarked that the United States 
has been importing palm oils from half- 
way around the globe, even though a 
larger concentration of oil-yielding palms 
exist in Latin America, with a center in 
Amazonia, than anywhere else. Pern 
has her share of these potential but little- 
known oil producers and should take ad- 
vantage of their presence, for not only 
are most palms easily grown in planta- 
tions but also many of them — unlike the 
other species of the tropical rain-forest — 
form extensive and natural pure stands 
which lend themselves admirably to 
exploitation. 

Bamboo. The bamboos are another 
forgotten group which some day may 
find commercial importance in the low- 
lands. Marona (Ouadua sp.) of the 
Madre de Dios region is a common bam- 
boo whose large culms are very durable 
and apparently resistant to termites. 
Foreign bamboos may also prove Valu- 
able, and the group needs study from the 
standpoint of a possible source of wood 
pulp, a sorely needed item throughout 
Latin America. 

• /, Cub^. The most important recent gift 


of the Peruvian montana to the world is 
the leguminous shrub cube or barbasco 
(Lonchocarpus Nicou DC.) whose rote- 
noiie-bearing roots, long-used by Indians 
as the source of a fish poison, have been 
found also to have very effective insecti- 
cidal properties. Up to the last decade 
most commercial cube root was collected 
by Indians from their semi-wild forest 
plantings, but during recent years many 
small and A'ery successful commercial 
plantations have been started in the low- 
lands, particularly in the Iquitos and 
upper Huallaga regions. These cube 
plantings, totalling approximately 7,000 
acres and yielding at present about 1,400 
tons of crude or powdered roots annu- 
ally, are not only the primary smirce of 
the world’s supply but are also the most 
important exjjort from Peruvian Ama- 
zonia. The recent “discovery” and rise 
of cube from a mere fish poison of forest 
Indians to one of the foremost natural 
insecticides makes one wonder how many 
other plants, known and used in various 
ways by lowland Indians, might have 
economic possibilities in the world’s 
economy. Ethnobotanical studies in 
Peru are certainly as important as any 
forest survey and may prove once and 
for all w'hether such Indian drug plants 
as, for example, ayahuasca {Baniateria 
spp.), chuchuhuasha (Heistcria pallida 
Engl.) and oje {Finns glahrata'SL.'B.K.). 
have any actual value in medicine. Un- 
doubtedly many an important aboriginal 
plant is still unknown to the world at 
large. 

Other forest crops. Other crops 
are locally important in various parts of 
the montana, but in most cases agricul- 
tural practices are primitive, consisting 
of temporary cultivations where the for- 
est has been felled. Logs and stumps 
are usually left in place in such clearings 
.so erosion is limited. After a few years 
of ehacra fariiiiug the plot is abandoned 
for a new one. The most important field 
crops on these small lowland clearings 
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are maize, bewiis, riee, sweet potatoes, 
yuca, and plantains. . . . the two last- 
named beiiifr the staple foods of the 
region. In the few localities where trans- 
portation difficulties arc lessened, agri- 
culture is more advanced. This is espe- 
cially true of such valleys as the Chan- 
chamayo which has trans-Andean high- 
way connections with Lima, and which, 
as Lin)a’s “fruit basket”, supplies the 
cai)itol with oranges, bananas, avocadoes, 
papayas, etc. Small plantations of sugar- 
cane are widely dispersed in the mon- 
tafia ; cacao is ])roduced in the Depart- 
ments of Loreto, Amazonas and Cuzco ; 
tobacco, a state monopoly, is grown in 
Tumbes, San Martin and Loreto. 

Development of Resources 

For years the network of lowland 
rivei’s lias serve<l as the only means of 
transportation into the montaha. Prod- 
ucts originating in the area and destined 
for coastal Peru have had to be placed 
aboard ocean freighters at Icpiitos. Prom 
that river port they have had to move 
down the Amazon, through the Panama 
Canal and then south to Peruvian ports. 
Trans[)ortation costs have thus made pro- 
hibitive the development of agricultural 
ri'soui'ces in the montaha on any large 
scale. 

Peru is taking the initial stejis to de- 
A’eloj) the montaha. Hei' difficulty hinges 
not only on deficient transportation but 
also on the lack of population in her 
eastern departments. Her problem is 
shown by the fact that the montaha com- 
prises considerably more than 50% of 
Peru's total area, yet the population 
density in the same region is s(‘arcely 
one person per square mile. For this 
reason, and rightly, Peru is pushing proj- 
ects for colonization along several of 
those trams-Andean roads w’hich have 
already ])ehetrated into the lowlands. 
Among these are the highways into the 
valleys of the Mareapata, the Satipo, the 
Chanchamayo, and into the upper Hual- 


laga and Ucayali valleys near Tingo 
Maria and Pucalpa. In these valleys 
colonization centers and agricultural 
stations have been set up and are work- 
ing hand-in-hand in order to guide new 
settlers in all phases of tropical agricul- 
ture. One of the most important of these 
Peruvian stations, located at Tingo 
Maria, has been established in coiipera- 
tion with the Department of Agriculture 
of the United States Government, which 
has supplied resident s})ecialists in the 
various fields of agriculture. The most 
im])ortant projects under investigation 
at present deal Avith rubber, tea. cin- 
cliojia, (nibe and tropical food plants. 
Peruvian personnel for this and other 
agricultural experiment stations, located 
not only in the rnontanabiit also through- 
out the whole country, are trained at La 
Molina, the Government Agricultural 
School in Lima. 

As yet no forest or soil conservation 
has been initiated in Peru. In a country 
whose timber resources are va.st and un- 
known this is a serious deficiency. One 
of the first important tasks slnmld be a 
forest survey, but forest legislation and 
organization should also bo promoted. 

Another need of Peruvian agriculture 
is greater diversification of crops to en- 
able the country to be self-supporting, 
at lea.st as regards food ])lants. With 
more than sufficient acreage for gi’owing 
essential crops. Peru yet has to import 
such basic commodities as riee and wheat, 
and potato shortages are often freipient 
in various sections of the country. With 
better cultural practices and the intro- 
duction of modern farm e<|uipment, par- 
ticularly in the sierra, Peru could make 
long strides in this direction. The sierra 
Indians especially, whose ties have long 
been with the soil, should be schooled in 
modern agricultural practices. They 
constitute the sierra population; and 
unless they are educated, any agricul- 
tural program in the important highland 
region will be a failure. 
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A forward step in Peruvian agricul- 
ture was taken in 1943 with the forma- 
tion of the Inter- American Cooperative 
Pood Production Service, known as 
SCIPA, made up of a grcuip of Peruvian 
and North American agricultural special- 
ists. Prominent on the agenda of this 
organization are such projects as the in- 
crease and improvement of the produc- 
tion of food products; development of 


plans for crop adjustment ; development 
of new acreage with agricultural coloni- 
zation; soil conservation; further devel- 
opment of extension work; provision of 
loans and other means of assistance to 
small farmers and growers; studies and 
dissemination of information regarding 
benefits of diets; and plans for the im- 
provement of transportation, storage and 
distribution of agricultural products. 


Utilization Abstracts 


Edible Andean Tubers. In the Andean 
highland valleys of Venezuela, Colombia, 
Ecuador, Peru and Bolivia, at elevations of 
9,000 to 14,000 feet, there are four important 
cultivated edible tuber plants. One of them, 
the potato {Solanum tuberosum), is widely 
known and world-wide in cultivation. The 
other three have not been accorded the same 
publicity as has the potato, nor have they 
been subjected to the same breeding care, and 
they are therefore only of local importance 
to the natives in the regions where they are 
grown. For many centuries they have ser\ ed 
as native sources of food, but their cultiva- 
tion today is being gradually abandoned. 

One of these tubers is oca or occa, known 
around Bogota as *'hibia’^ and in part of the 
Venezuelan highland as ^‘cuiba”. It is the 
underground portion of Oxulis tuberosa, and 
in some areas is nearly as important as the 
potato, being the principal crop grown on 
the terraces of precipitous mountainsides. 
The upright, branching, succulent herbsy^ two 
to three feet tall, do not appear to set seed, 
as is true of many plants long in cultivation, 
and propagation is accomplished by cutting 
up and planting the two-to-three-inch tubers. 
Several named varieties, distinguished by the 
color of the tubers and by their degree of 
sweetness, are recognized by the Peruvian 
Indians. Oca is planted in primitive fashion 
at the beginning of the rainy season, and 
similarly primitive harvesting occurs in April 
and May. Since the starchy tubers, espe- 
cially in the bitter varieties, contain crystals 
of calcium oxalate, they must be mellowed 


before being eaten, and this is accomplished 
by placing them in the sunshine for several 
days. They are then prepared for eating, 
raw or cooked, in a variety of ways. For 
storage purposes the •tubers are converted 
into a desiccated foi‘m known as “chuho^’, as 
is also done with the other tuber crops. This 
conversion involves ]>rolonged submergence 
in dammed flowing brooks and subsequent 
drying and freezing. 

Next to ocas in importance are the tubers 
of Ullucus tuberosas, known locally in vai’ious 
regions of its cultivation as “melloco”, “ul- 
luco”, ‘‘olluco”, “lisas^’, “papaslisas”, “chu- 
gua.s^^, ^‘rojas”, “ruba^^ and “timbos'^ They 
resemble small potatoes ami exist in several 
color variations. The plant itself is potato- 
like in general habit. 

The third tuber closely resembles that of 
Oxalis tuberosa and is variously known as 
‘‘anu^’, “mashuar”, “‘apina-mama’^, *‘isana” 
and ‘‘cubio’^ It is the product of Tropaeo- 
lum tuberosum^ a twining plant resembling 
in foilage its better known horticultural rela- 
tive. This tuber is less important to the 
natives than the other two, and medicinal 
qualities are attributed to it in their folklore. 
(TT. H. Hodge, Jour. N. T. Bot. Garden 47: 

m. :im). 

Cedar Oil. In Texas there are three fac- 
tories extracting cedar oil from mountain 
cedar [Juniperus mexicana)^ for use in per- 
fumes, leather dressings, furniture polish and 
similar products. (Anon., Texas Chemurgic 
News, as reported in Chemurgic Digest 
5(10): 192. 1946). 



The Versatile Soybean 


China’s most valuable gift to the Western World — 
the food of millions for centuries and an ingredient 
in modern adhesives, plastics, foaming solutions, 
spreaders, waxes, soaps, linoleum, paints and numer- 
ous other industrial products. 

W. J. MORSE' 


The soybean, tJie “Little Honorable 
Plant” of the Orient and so much in our 
news durinfr the war years as the “Won- 
der Bean” and the “Miracle Beau”, and 
even the theme of poems, has become one 
of the most valuable, if not the most 
valuable, of China’s gifts to the i)eop]e 
of the Western World. With its almo.st 
unbelievable number and vari(“ty of uses, 
it may be called the most remarkable of 
all [)lants. With an ever-expaiiding and 
amazing versatility, it has risen from an 
emergency crop to one of major imi)or- 
tance, in fact, a highly es.sential and vital 
crop in our international war emergency 
l)rogram. It has won its way to its pres- 
ent recognition as a valuable aid to good 
farming; a commercial worthwhile crop; 
a useful, mitritious human food ; a valu- 
able protein feed for all kinds of live- 
stock; and a source of raw material for 
jiumerous essential industrial products. 

Nomenclature 

The soybean is an annual summer 
legume native of southeastern Asia, and 
is also called the “soya bean”, “soja 
bean” and “Manchurian bean”. Bo- 
tanieally, the soybean usually has been 
referred to the genus Olycine and has 
been called Glycine Soja (L.) Sieb. Zucc., 
as well as Glycine hispida (Moench) 
Maxim. The late Dr. C. V. Piper, in an 

1 Principal Agronomist, Dh’ision of Forage 
Crops and Diseases, Bure.'ni of Plant Industry, 
Roils, and Agricultural Engineering, Agricul- 
tural Eesearch Administration, TTnited States 
Department of Agriculture. 


extensive botanical study, came to the 
conclusion that it must be named Soja 
max (L.) Piper. Other botanists, still 
consideriiig the soybean to be a member 
of the genus Glycine, call it Glycine mux 
(L.) Merrill. The cultivated soybean, 
on the basis of genetic data, is thought 
by many investigators to have been de- 
rived from Glycine ussnriensis Regal and 
Maack which grows wild throughout 
much of eastern Asia. This species is 
prostrate in habit of growth ; has long, 
tine, twining stems; small, narrow leaves; 
a])pressed hairs; purple flowers; small, 
compressed ])ods ; and small, oblong seeds 
of a sooty black color. The change from 
the wild to the cultivated S2)ecies is 
thought to have occurred through quali- 
tative and quantitative changes due to 
ge)ie mutation, unaccompanied by any 
change in number of chromosomes. A 
j)lant with characters between the wild 
species and the cultivated forms has been 
de.seribed by a Russian botanist as G. 
gracilis Skvortzov. 

History 

The early history of the soybean, like 
that of most important food ])lants, is 
lost in obscurity. Ancient Chinese liter- 
ature, hoAvever, reveals that it was ex- 
tensively cultivated and highly valued 
as a food centuries before written records 
were kept. Story tellers of the Far East 
have related for generations, with untold 
variations, story-book tales of the re- 
markable history of the soybean. One 
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of the oft-told legends and perhaps the 
oldest, for it undoubtedly refers to the 
wild soybean now found growing in the 
waste places of oriental countries, tells 
of the first use of the soybean for food. 
A rich caravan laden with gold and gems 
pulled out of an eastern Chinese village 
one evening, bound for a distant settle- 
ment. On the second day out in a region 
of mountains and waste land, the cara- 
van was besieged by bandits. Merchants- 
and servants took refuge in a rocky cave. 
When food supplies were exhausted and 
starvation faced the caravan, a servant 
ate beans from a vinelike plant. His 
vitality soon returned, and immediately 
the hopeless men began gathering and 
pounding the beans into a flour upon 
which they survived until helfi arrived. 
From then on, so the legend goes, the 
miracle soybean became the staff of life 
in China. 

The soybean is said to be one of the 
grains planted by Hou Tsi, a god of 
agriculture. The first record of the 
plant is contained in a materia medica 
describing the plants of China, written 
by Emperor Sheng Nung, the “Heavenly 
Parmer", in 2838 B.C. The crop is re- 
peatedly mentioned in later records, and 
it -w’as considered the most important 
cultivated legume and one of the five 
sacred grains — ^rice, soybeans, wheat, 
barley, millet — essential to the existence 
of Chinese civilization. Seed of the soy- 
bean was sown yearly with great cere- 
mony by the Emperors of China, and 
poets extolled its virtues. The records 
of ancient Chinese literature, with in- 
numerable references on methods of cul- 
ture, varieties for different purposes and 
numerous uses for food and medicine, 
indicate that the soybean is perhaps one 
of the oldest crops grown by man. 

Engelbert Kaempfer, a German bota|;t^: 
ist who spent three years, 1690-1692, in 
Japan, was the first to make the soybean 
kno-wn to Europeans. Although Kaemp- 
fer discussed in detail the various food 


products prepared from the bean by the 
Japanese, the soybean aroused but little 
interest. In France the Jardin des 
Plantes, Paris, received in 1739 packets 
of soybean seed from Chinese mission- 
aries. The Royal Botanic Gardens, Kew, 
England, grew soybeans as early as 1790. 
The plants were treated merely as bo- 
tanical curiosities until the exi)eriments 
by Professor Friedrich Haberlandt of 
Vienna in 1875 and subsequent years. 
Haberlandt published in 1876 the results 
of his investigations in much detail. Al- 
though Haberlandt strongly urged use 
of the soybean as a food plant for man 
and animals and interest was increased 
in its cultivation during the experi- 
ments, the soybean failed to obtain any 
great importance in Europe until about 
1909. At that time immen.se quantities 
of beans were imported from Manchuria 
by several countries for the ])roduction 
of oil and oil meal. Through the efforts 
of the oil manufacturers, soybean flour 
found fttvor in the manufacture of vari- 
ous foodstuffs. During World Wars I 
and II the soybean and its products, oil 
and oil meal, became highly essential in 
the manufacture of numerous vital food 
and industrial products. This was es- 
pecially true of Germany in World War 
II when soy flour was used extensively 
by the army in field' camps. Alt^ugh 
attempts to grow soybeaiw in European 
countries have extended over many years, 
in general the climatic conditions- are not 
well suited to successful culture of the 
crop. At present, production is confined 
largely to parts of European U.S.S.R., 
Austria, Bulgaria, Jugoslavia, Czecho- 
slovakia and Rumania, the largest pro- 
duction being in Rumania. 

The first mention of soybean in Ameri- 
can literature is by Mease in 1804 who 
wrote: “The soybean bears the climate 
of Penmsylvania very well. The bean 
therefore ought to be cultivated". In 
1829 Thomas, Nuttall grew a variety in 
the botanic garden at Cambridge, Mass., 



THE VERSATILE SOYBEAN 


139 





Fig. 3 {Upper), Wild soybean {G, 'ussuriensis) in the foreground, G, profits to the right, 
and the cultivated form in the background. Fig. 2 (L(^wer), A iMB;^4%toka soybeans 
grown in Indiana for commercial purposes. ' 
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and ft’oui his observations wrote: “Its 
principal recommendation at present is 
only as a luxury, affording the well- 
known sauce, soy, which at this time is 
only prepared in China and Japan”. 
The Perry expedition to Japan in 1854 
brought back two varieties of soybeans 
which were distributed by the Commis- 
sioner of Patents. Frequent references 
to the plant occurred thereafter in agri- 
cultural literature under such names as 
“Japan pea”, “Japan , bean”, and 
“Japanese fodder plant”. Later, many 
introductions were made by several ex- 
periment stations and missionaries, but 
it was not until 1898 that a systematic 
introduction was made by the U. S. De- 
partment of Agriculture from Asiatic 
countries. Increase of acreage and pro- 
duction in the United States has been 
closely correlated with the introduction 
of varieties from the Orient and their 
improvement through selection and hy- 
bridization. 

Present Day Production 

In the Orient the soybean is grown 
more intensively in Manchuria than in 
any other country, occupying about 25% 
of the total cultivated area. It is a domi- 
nating factor in the economic life of the 
country, for as a cash crop it provides 
fully half 6f the farm income and more 
than half of the total volume of the 
freight handled by the railroads. It is 
estimated that from one- to two-thirds 
of the production of beans is, exported 
to Japan, China and European countries, 
15 to 20% being utilized for food, feed 
an,d planting, and the remaining seed 
employed for oil extraction. 

In China the soybean ranks ^th in 
cultivated crops, occupying nearly 13,- 
000,000 acres or about 9% of the total 
cultivated area. China consumes prac- 
tically all of her production, about 220,- 
000,000 bushels — 50% for food, 27% for 
oil extraction and other purposes, 10% 
for stock feed, and 8% for planting. 


The quantity of beans used for oil and 
industrial purposes is relatively small, 
and exports are quite negligible. Japan 
and Korea are large producers, Japan 
consuming all of her owii production 
and importing large quantities from 
Manchuria and Korea. South of China 
the soybean is cultivated more or less in 
the Philippines, Siam, Cochin China, 
India and the Netherland Indies. 

In the Americas acreage and produc- 
tion are concentrated largely in the 
North Central States of the United 
States, although the crop is grown fairly 
extensively in the Southern States. In 
1946 the tw’elve North Central States, 
with 89% (9,606,000 acres) of tile total 
acreage produced 92% of the record seed 
crop of 196,725,000 bushels — Illinois, 
Iowa, Indiana, Ohio and Missouri being 
the five leading states. The phenomenal 
increase in acreage and production in 
the United State.? may be attributed to 
the following factors: improved ada])ted 
varieties; mechanization of the crop 
through improved machinery for seed- 
ing, cultivating and harvesting; being 
one of the more profitable cash grain 
crops; less damage from diseases and 
insect pests than in other common crops ; 
being a dependable producer of forage 
or grain, even under adverse w'eather 
conditions; being a legume fitting favor- 
ably into corn belt rotations and crop- 
control programs; and available indus- 
trial markets. 

The development of superior varieties 
for various purposes adapted to a wide 
range of soil and climatic conditions has 
been one of the most important factors 
in increased acreage, production and 
utilization of the soybean. In the breed- 
ing of varieties, as with other crops, the 
main objective has been increased yield. 
During the past few years, however, 
with increased utilization of the crop for 
food and industrial purposes, plant 
breeders' have been called upon to give 
special attention to oil and protein, nu- 
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Fig. 3 (Upper left). Roybcaiia stored in osier bins in a Chinese merchant’s stora^^e yard, 
Kaiyuan, Manchuria. The soybean is a dominating factor in the economic life of Manchuria. 
Fig. 4 (Upper riphi). Loading bags of soybeans into a freighter at the Dairen, Manchuria, 
wharves for shipment to European o'l mills. It is estimated that from one- to two-thirds of 
Mancliuria’s soybeans are exported to China, dapan and European countries. Fig. 5 (Lower 
left). Sprouted soybeans in a small product stall in Peiping, China, Soy sprouts afford a fresh 
winter vegetable rich in vitamins. Fig- d (Lower right). Combining soybeans in the Mississippi 
Delta. Mechanization, through improved machinery, of seeding, cultivating and harvesting the 
croj) has been one of the principjil factors in the phenomenal increase in acreage and ])roduction 
of soybeans in the United States. 


\ 


tritive value, and quality of beans. With 
the development of improved varieties 
the importance of adaptation to differ- 
ent conditions has become realized by 
breeders. The average yield per acre in 
the United States has increased from 11 
bushels in 1924 to 20.5 in 1946. The old 
standard varieties having an oil content 
of 15 to 18% have been almost entirely 


replaced by varieties having from 19 to 
22^< . Moreover, through introduction 
and selection, vegetable varieties much 
superior in flavor and cooking quality 
to the varieties used for oil have been de- 
veloped. At present, about 100 varieties 
are available commercially, of Avhich 72 
are forage and grain types and about 28 
vegetable types. 
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Diseases 

As with most other crops in the first 
years of production in a new country, 
the soybean has been relatively free from 
serious epidemics of disease, except for 
occurrences of pod and stem blight in 
the Mississippi Valley and selerotial 
blight in the Southern States. The 
record increases of soybean acreage dur- 



Fia. 7. An improved variety of soybean with 
high seed-yield and high oil-content, developed 
for commercial purposes. 


ing the past two or three years have, 
however, greatly emphasized the disease 
problems of the crop,, espeeially in the 
Urge producing areas, 'Fields have been 
observed in which h: large percentage of 
the plants has<!|feen killed by disease. 
Since a numbjijrof the pathogens causing 
soybean disali!^ are known to be seed- 
borne, ini^i^singly severe losses mttst be 


expected if the seed sources are per- 
mitted to become more and more highly 
infested. Pathologists and agronomists 
have recognized the urgency of this dis- 
ease problem and in disease surveys have 
found that certain diseases are increasing 
in prevalence and are a distinct menace 
to production in many localities of our 
large soybean region. Effective control 
measures for the major soybean diseases 
are being studied by pathologists of many 
agricultural experiment stations and the 
U. S. Department of Agriculture. It has 
also been found that there is more or less 
resistance to diseases in some varieties, 
thus furnishing a basis for the develop- 
ment of highly resistant or immune 
varieties by the plant breeders. 

Use as Food 

In oriental countries the soybean is 
grown primarily for the seed which is 
used largely in the preparation of nu- 
merous fresh, fermented and dried food 
producis. For thousands of years the 
protein part of the diet of hundreds of 
millions of oriental peoples has been sup- 
plied or supplemented largely from soy- 
bean products. Fermented, the soybean 
yields all their different sauces which 
furnish the basic flavoring for their 
food ; pressed, it gives oil for cooking ; 
sprouted, it gives a fresh vegetable rich 
in vitamins ; picked ^vhen green, it makes 
an excellent green vegetable; ground 
dry, it makes flour; soaked, ground And 
with water added, it provi^. milk, and 
the curdled milk fimnishes the famous 
bean curd or teffu— the boneless meat of 
the Orient — ^used in the form of various 
cheeses and as a meat substitute; roasted 
beans are used as salted beans and in 
cakes and candies; roasted beans and 
bean flour enter into numerous health 
drinks; fermented bean pastes are used 
in soups and for preserving vegetables; 
and boiled beans are eaten with millet, 
rice or kaoliang. The soybean has thus 
meant bread, meat, milk, cheese and 
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vegetables to these people and has fur- 
nished what appears to be a well-bal- 
anced diet at a relatively low cost. 

Although the iiiany and peculiar uses 
of the soybean for food have long been 
appreciated by the peoples of Asiatic 
countries, it is only within comparatively 
recent years that it has received serious 
attention as such in either Euro])e or 
America. The soybean, in view of its 
richness in digestible nutrients as indi- 
cated partly by its unusually high per- 
centages of protein and oil, deserves high 
rank as a food. European scienti.sts for 
many years have realized the high nu- 
tritional value of soybean protein and 
fat, and Europe was one of the principal 
imjiorters of so.\beans from Manchuria 
and the United States. In 1938 one 
European country published an army 
field cook book containing nearly 300 
recipes in which full fat .soy flour was 
used to su])plement meat, milk, eggs and 
cheese in the .soldier’s diet. 

The imjioi’tance of the soybean as an 
economical and valuable .source of food 
in the human diet has become more 
generally recognized by the average citi- 
zen in the United States. In past years 
most people have looked upon the soy- 
bean as a stock feed, a crop to enrich the 
soil, or for processing for oil and oil 
meal. Extensive nutritional investiga- 
tions by domestic science schools and 
commercial laboratories have shoVn that 
the .soj'bean I’anks higher in fo6(2 value 
in both the green vegetable and taature 
stages than other beans and pea.s. Pro- 
teins, fats, minerals and vitamins are the 
most costly constituents of our diet. The 
high content and unique character of 
the protein and fat of the soybean ex- 
plain in part its high nutritional value. 
In both the green and dry forms, it con- 
tains more fat than other legumes, b\it 
its carbohydrates are lower. It can be 
relied on as a good source of nutrition- 
ally important mineral elements, contain- 
ing more calcium, iron and phosphorus 


than any of the cereals and two to three 
times as much calcium as other beans 
and peas. The calcium and iron con- 
tents of both green and dry soybeans 
compare favorably with any list of foods 
that are generally considered rich sources 
of these elements. 

Soybean foods receiving most atten- 
tion at the present time in the United 
States are soy flour, soy grits, soy flakes 
and .soy meats, of which flour is the most 
widely used. Improvement in process- 
ing during the past few years has re- 
sulted in the elimination of the raw bean 
flavor so characteristic? of the first soy 
flours placed on the American market. 
There are three general types of soy 
flour — full fat (high fat), medium fat 
and low fat. Full fat flour contains 
about 20% of oil and 40(f? protein; 
medium fat, 5 to 7% oil and 45 to 48% 
protein ; and low fat, ai)proximately 1% 
of oil a}id 50 to 53 protein. Primarily 
a protiin concentrate, soy flotir’s prin- 
cipal function is to add nutritive value 
to other foods. Soy flour, soy grits and 
soy flakes are used with wheat flour in 
bakeiy goods, macaroni and other paste 
goods, soups, candies, ice cream 'powders, 
prepared baking mixes, breakfast foods 
and confections, and as an extender in 
various meat products. Soy flakes have 
been iised to some extent in the brewing 
of beer. Soy meats are split or coarsely 
ground soybeans, dehulled and debit- 
tered, and are used in place of roasted 
nuts in confections. Other food prod- 
ucts now on the market are baked beans, 
canned and quick-frozen green vegetable 
beans, salted roasted beans, breakfast 
foods, soy butter, candies, chocolate, curd 
or cheese, diabetic foods, flavorings, 
health foods, cones, meat-like products, 
milk substitute (liquid and powder), .soy 
sauce, soups, sandwich spreads and in- 
fant foods. 

Vegetable varieties of soybeans, now 
available in all sections of the soybean- 
grqw^.iregion, have become quite popu- 
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Jar as greeu-shelled beans used in the 
same manner as green peas or lima beans. 
Tliese varieties are much sui)erior in 
flavor and cooking qualitj’^ to the varie- 
ties used for processing for oil and oil 
meal. Many of them are handled by 
growers and seedsmen and are being 
used extensively for green vegetable 
beans in home gardens and by canning 
and quick-freezing eomj)anies. The soy- 
bean has been used in the United States 
])riinarily as a forage crop, being pre- 
served as hay or silage or cut and fed as 
soilage. It is also pasttired with hogs 
and sheep quite extensively in some sec- 
tions and is used as a green manure oi’ 
cover crop, es])ecially in the sugar cane 
areas of Louisiana. 

Use as a Source of Oil 

In addition to its forage and food 
values, the soybean contains a valuable 
oil. About 11)20 the lu'oducliou of soy- 
beans greatly exceeded the requirements 
for planting, and .several oil mills in the 
Midwestern States beeame interested in 
the j)os.sibilitie.s of the soybean as an oil 
seed ; by 1929 oil mills were a potent fac- 
tor in the production of the crop for 
commercial purposes. The .soybean now 
appeal's firmly established in the indus- 
trial world, and the oil produced has 
come to fill an imjiortant place in the 
dome.stic vegetable oil snjiply and econ- 
omy. In the eai'ly jiart of 1944 nearly 
100 oil mills, specializing in wybeau 
])roces,siug, were operating in the United 
States. These mills, located at 80 points 
in 18 states, had a crushing ea])acity of 
about 130 million bushels per year. In 
addition, more than 100 other oilseed 
mills, mostly cottonseed mills, were 
crushing temporarily or only part of the 
time. Late in 1944 there were 137 soy- 
bean-processing mills, counting those 
under construction and those definitely 
planned with priorities approved. The 
total annual capacity of these mills was 
estimated at 172 million bu.shels. The 


scale of processing operations expanded 
rather slowly at first, but as larger sup- 
plies became available, processing greatly 
increased. In the period 1924-1925 only 
307,000 bushels of soybeans were crushed, 
but in 1943-1944 142,258,000 bushels of 
a total production of 193,125,000 bushels 
were pi’ocessed. 

The three methods in general use for 
obtaining oil from soybeans are hy- 
draulic pressing, expeller or screw press- 
ing, and solvent extraction. Expellers 
or screw presses handled 74% of the soy- 
beans processed in 1940-1941, and .sol- 
vent extraction about 23%;. There has 
been a rapid expansion in processing 
capacity for both expeller and solvent 
types of plants since the middle of the 
1930’s. The rate of expansion of solvent 
processing has been the greater of the 
two. 

The yield from a biishel (60 pounds), 
on the average, processed by an expeller 
j)ress is about 9 pounds of oil and 48 
pounds of meal. The meal contains from 
40 to 45%' protein and 4.0 to 5.5%') oil. 
The average yield from a bushel of soy- 
beans proce.s.sed by the .solvent method is 
about 10.5 pounds of oil and 45 pounds 
of meal. Solvent process meal contains 
43 to 48%) protein and l'/< or less oil. 
Variations from these averages may 
occur to a considerable extent in indi- 
vidual cases because of differences in oil 
and jjrotein content of different varieties 
and of the same varieties grown in dif- 
ferent localities, and because of the dif- 
ferences in efficiency of operation of in- 
dividual plants. 

Soybean oil has qualities that make 
it adaptable to a wide vai'iety of iises. 
It is classed as a semi-drying oil, and 
its fatty -acid composition is another qual- 
ity which gives it versatility. During 
the past 30 years the principal use made 
of soybean oil has been at times in soap, 
at other times in the drying industries, 
and most recently in food ])roducts. 
Much progress has been made during the 
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Fig. 10 (Upper). Vegetable seybeans, now available in all sections of the soybean-growing 
region in the United States, have become quite popular as green shelled beans. They arc exten- 
sively grown as suidl and aro used by canning and (puck-freesing companies. Fig. 11 (Lower). In 
1944 there were 137 soybean-processing mills in the United States, the combined annual capacity 
of which was estimated at 172 miUioh bushels, 142 million bushels of the total pro- 

duction of 193,125,000 bushels were processe^,'’i|^P||^1^^^^>44. 

last decade in methods of refining, blea^>’ low fed all vegetable oils, for domestic 
ing and otherwise improving the oil idr materials in the United States, and in 
food uses. In 1939 soybean oil com- 1943 the proportion accounted for by 
prised 6.6% bi the total production of soybean oil was 11.4%. .More than 50 
fats and; oils, including butter, lard, tal- different., food products containing soy- 
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bean oil are mamit'actured in this coun- 
try; the principal food use at present is 
for shortening. In 1943 soybean oil 
made up 42'/{ of the total oils and fats 
used in shortening, 40% in margarine 
and 16% in other edible products. Other 
products xising the oil include soaps, 
cleaning compounds, disinfectants, leci- 
thin, insecticides, foundry oils, paints, 
enamels, lacquers, varnishes, linoleum, 
oilcloth, printing ink, oil clothing, resins, 
grease and lubricating compounds, rub- 
ber substitutes, patent and artificial 
leather, waterproof goods, candles, me- 
dicinal oil, sticker for lead compositions, 
textiles and sulphonated oils. 

Soybean Meal 

Soybean oil meal remaining after })roc- 
essing the beans for oil is a most valu- 
able product and has wide usefulness. 
Production of soybean oil meal in the 
192()’s (1924-1925, about 8,000 tons) was 
small, blit pi'odnction increased rapidly 
the following years. In 1938-1939 it was 
140 times as great as in 1924-1925, and 
in 1943-1944 (nearly 3J million tons) 
was more than three times that in 1938- 
1939. Soybean oil meal, a highly con- 
centrated and nutritional feed and food, 
is and has been extensively used for all 
kinds of livestock in American and Euro- 
pean countries. It has been gaining 
favor among live-stock feeders for several 
years. It is estimated that fi’pm 90 to 
98 Y(j of the total domestic disap ,.>eaiance 
has been fvir this use. Less than 1% of 
the production of soybean meal was used 
in making soy flour in the years immedi- 


ately preceding World War II. Soy 
flour manufacture greatly increased dur- 
ing the war, the quantity produced in 
1943 being equivalent to about 3% of the 
total soybean crop. Foreign govern- 
ments purchased large quantities of soy 
flour and other soy proteins to fortify 
bread and various jiroducts. Industrial 
products, in which the oil meal or pro- 
tein is used, include adhesives for ply- 
wood, molding compounds, core binder 
compounds, plastics (especially in the 
automobile and electrical appliance in- 
dustries), paper coatings, pajier sizing, 
cold-water paints, foaming solutions, pol- 
len sujiplement for bees, textile fiber 
(vegetable w’ool), spreaders for insect 
sprays, finishing waxes and waterproof- 
ing for textiles. Substantial tonnages 
of soybean meal were used in the manu- 
facture of mixed fertilizers before the 
war, but this aa’hs not permitted during 
the war. In oriental countries the oil 
meal is used very extensively for fertiliz- 
ing purposes — rice and various truck 
crops — and also to some extent as live- 
stock feed. 

A coinymrative newcomer in our midst, 
the soybean has found a vitally impor- 
tant and almost indispensable place in 
our agricultural and industrial economy. 
Prom the status of a little-known orien- 
tal plant it has become a crop of high 
economic importance, and at the time of 
our greatest need, due to the exigencies 
of war, it has proved its unique useful- 
ness as a source of highly nutritious food 
and feed and of an almost limitless 
variety of industrial products. 


Utilization Abstracts 


Tree Bark. The great Wcyerhauser Tim- 
ber Company of Ijongview, Wash., has an- 
nounced “that eonunereial processing of the 
bark of Douglas fir and other trees is about 
to begin in a factory now being built there. 


The bark will be made into several materials 
ol' different usages, atnung them being a 
plastic, a glue, and a component for insecti- 
cides”. {Chemurgic Digest j(l.’i): 

1946 ). 



The Production of Minor Essential Oils 
in the United States 


The oils of dill, lemon-grass, tansy, wormseed and 
wormwood are distilled from cultivated plants: those 
of cedarleaf, cedarwood, erigeron, pennyroyal, sassa- 
fras. sweet birch, wintergreen and witch-hazel from 
wild plants: and together they all constitute a minor 
industry for which production figures are not readily 
available. 

A. F. SIEVERS' 


Introduction 

The production of .essential oils in the 
United States is a relatively broad sub- 
ject which may be discussed from several 
standpoints. There are the oils that are 
produced from imported materials by 
those who specialize in the ])roduetion 
and marketing of essential oils for the 
consuming industries. This phase of es- 
sential oil production has no interest for 
persons concerned with the utilization of 
native domestic plants for this purpose 
or the cultivation of aromatic plants as 
sources of such products. The present 
paper deals entirely with the production 
of oils from plant material of domestic 
origin. A discussion of the subject on 
this restricted basis requires a further 
rough division of the oils into two 
groups, namely, those produced on a 
relatively large scale, and those that are 
of relatively minor inportance from the 
standpoint of their economic value and 
the bearing their production has on the 
nation’s economy. In the first, group are 
turpentine, the production of which is a 
part of the naval stores industry of the 
southeast; mint oils, produced in the 
North Central and Pacific Coast States; 

1 Principal biochemist, Division of Tobacco, 
Medicinal, and Special Crops, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, 
Agricultural Besearch Administration, U. S. De- 
partment of Agriculture. 


and citrus oils, produced as by-products 
of citrus fruits in the citrus-growing re- 
gions of the South and West. Adequate 
information concerning the production 
of these oils is quite generally available. 
In the second group of oils are several 
distilled from cultivated crops and 
others obtained from wild plants. The 
oils included in this gi’oup are in no case 
produced in large amounts, and their 
production offers very limited opportu- 
nities to additional farmers and land- 
owners, since most of them have very 
limited and specific uses. ^ 

As -the title suggests, this paper deals 
with the production of these minor oils. 
Five of them are obtained from culti- 
vated plants, namely, wormwood, worm- 
seed, tansy, dill And lemongrass. The 
remainder, cedarleaf, cedarwood, sassa- 
fras, erigeron, pennyroyal, wintergreen, 
sweet birch and witch-hazel, are distilled 
from wild plants. Information on the 
I)roduction of these oils from both culti- 
vated and wild plants is very meager. 
Agricultural census rejj^rts sometimes 
include statistics produc- 

tion of some of the‘'MTOVated species, 
but for the years \^etween the publi- 
cation of these reports production figures 
can be obtained only ^ local investiga- 
tions and inquiries. ^1 production fig- 
ures are altogether lacking for the wild 
species. The year to year production is 
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probably known quite accurately by the 
trade, but there are no imblislied. sta- 
tistics. 

Oils Distilled from Cultivated 
Plants 

With the exception of lenioii^rass 
and dill, the oils obtained from culti- 
vated plants have been produced for 
many years, usually in restricted areas. 
Wormseed is ])rodiiced only in central 
Maryland where this crop has been 
^Town for Jiiore than a liundred years. 
Wormwood lias lon*^ been a minor cro[) 
on a f(‘AV mint farms in Mi(*hi<ian, Indi- 
ana and Oregon. Dill oil is a compara- 
tive Jiewcomer, since the substitution of 
dill herb oil for the herb itself in the 
flavoring of i)ickles is of fairly ]*ecent 
origin. The most recent introduction in 
this j^roup is lemon^rass oil wliicdi is now 
the ])ro(luct of a single prodin^er in 
Florida. 

Wormwood. This oil is obtained by 
distillation of the perennial herb Artv- 
Absinthium L. Its production in 
recent years has been confined to south- 
W(‘stern Michigan wht*re about 500 acres 
of the crop are p'own on black muck 
soil fn St. Joseph and ( ^ass counties, and 
w(\stern Oregon where 27 acres were 
^Town in 19J9, according’ to the U. S. 
(/emsus 1940. The croj) is jirown mainly 
by f)roduc(*rs of mint oil. The plants 
are started in seedbeds in sprbi" for 
fall transplanting’’ to the field or in fall 
for spring’ or summer tram:plantinjr. 
The soil in the seed bed must be well 
j)repared and in fine tilth, and the seed 
scattered evenly on the surface and left 
uncovered. Most growers prefer to 
transplant the seedlings when they are 
five or six inches hip:h, but smaller and 
much larger plants can be used. The 
seedlings are loosened with a fork, lifted 
from the ground, gathered and tied into 
large handfuls. When the plants are 
rather large the tops are cut off on a 
chopping block with a sharp knife or 



Fig. 1. Wormwood (Artemisia Absmihhim) , 
(From Stephenson Churchill, Medical Botany, 


hatchet. The bundles are then dipped 
in water and placed close together in a 
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crate in which they are taken to the field. 
The planting is done with celery or mint 
transplanting machines. At present-day 
farm wage scales it costs about $30 to 
$35 to grow the seedlings for one acre 
and set them in the field. Cultivation 
sufficient to control weeds is recpiired, 
and hand weeding is generally necessary 
if the field is to remain productive for 
several years. The more successful 
growers use fertilizers, usually a fall 



Fio. 2. Tansy (Tanaceium vulgare). (From 
Stephenson # Churchill, Medical Botany, 1SS6.) 


application of 3-12-12 and ahfout 200 
pounds of ammonia nitrate per acre in 
the spring. 

Wormwood is harvested when in the 
early-to-full bloom stage. A gram binder 
pulled with a tractor with a power take- 
off is used. The wonnwood stems are 
coarg®%id tough, hence the extra power 


required. The bundles are put in small 
shocks and allowed to cure for several 
days after which the oil is distilled in 
mint-distilling equipment. The yield 
varies greatly, ranging from seven or 
eight pounds per acre from poor fields 
to as high as 40 pounds in exceptional 
cases. On the average, 20 or 25 pounds 
may be expected if the crop is well 
handled and the season is favorable. If 
the weeds are well controlled a worm- 
wood field remains prodiictive for several 
years. The crop does not appear subject 
to serious diseases or insect pests. 

Practically all growers of wormwood 
produce the oil under contract extendijig 
over five to ten years. The oil has only 
one inqxmtant use, namely, as a thera- 
peutic component of a liniment for man 
and animal. The manufacturers of this 
liniment ])rovide' the contracts for tin* 
growers. Since there is no outlet for the 
oil for other jmrposes, pi'oduction in ex- 
cess of the quantity contracted for is in- 
advisable. There is therefore no oppor- 
tunity for any considerable increase in 
■wormwood acreage in the regions whei*e 
it is now grown or for its introduction 
elsewhere in the country. 

Tansy. Like woriUAVood, tansy {Tau- 
acetum vuhjare L.) is also a very minor 
crop on some mint farms. Buyers of 
this oil report that the average annual 
production is not more than 1,000 
pounds. This amount is obtained from 
about 100 acres in southwestern Mich- 
igan and northern Indiana. In 1946. 
about 60% of the acreage ■was on a single 
large mint and truck fahi^ in Michigan. 

Tansy is not a -isrery popular crop. 
The market demand for the oil is lim- 
ited beeatise it has only a •yery limited 
use in medicine, and the price fluctuates 
greatly, having rangj^d from as low as 
$2.00 to $9.00 a pound. One reason the 
crop is grown at all is that once estab- 
lished it will continue * productive for 
years. 

The crop is started by setting the field 
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with young plants five to six inches high, 
pulled from established fields and set in 
rows three feet apart with transplanting 
machines. The usual cultivation and 
some weeding is necessary the first sea- 
son, but the plants spread rapidly and 
broadcast over the field in a year. There- 
after, due to the dense growth, weeds 
are largely suppressed. The crop when 
in bloom usually is harvested with a 
grain binder. If labor is available the 
bundles are placed in shocks; otherwise 
they ai*e left on the ground to cure. One 
grower cuts his crop and cures it in the 
swath like mint. It has to cure some- 
what longer than mint before being dis- 
tilled due to the heavier stems. 

Wormseed. The volatile oil of Amer- 
ican wormseed, Clu'nopodivm amhro- 
sioidfs L. var. anthvlminiicum (L.) 
(iray, has been ])roduced from this cul- 
tivated plant without interruption for 
mori* than a hundred velars in (.'arroll 
and adjoining counties in central Mary- 
land. The reason why this small special 
industry has never shifted to other re- 
gions is not known. The })lant is 
adapted to a rather wide area, and ex- 
])e]‘iments have shown that it can be 
grown elsewhere. Here again is a prod- 
uct used only for one ])urpose. It is an 
efficient vermifuge, due to its principal 
constituent, ascaridole. For a long time 
it has been a most imi)ortant therapeutic 
agent for the control of certain ir testinal 
parasites. For many years, however, it 
has to some degree been replaced by 
carbon tetrachloride. As is always the 
case with crops yielding products of lim- 
ited use, overproduction has frequently 
occurred, especially following years when 
the price of the oil 'was attractive. The 
market value of the oil has fluctuated 
greatly but not entirely due to supply 
and demand. In some seasons, for rea- 
sons not always understood, the oil has 
been low in ascaridole content wdth a 
corresponding reduction in value. 

Although this crop is grown in such 



Fig. 3. Mexican tea. (Chenopodium am- 
brosioides), {From Degener, Flora MawaiiensiSy 
WS4,) 
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a limited area statistics on acreage and 
production are not always available. 
According to the Agricultural Census of 
1940, the production in 1939 was 38,281 
pounds by 240 growers on 927 acres. 
Later figures are not available. The seed 
is sown early in spring in outdoor seed- 
beds much like tobacco seed. When the 
seedlings are four to five inches tall they 



Fig. 4. Dill (Jnelhum pravrolens). (From 
Esenbedk Plantae Offleinalen, litaS.) 


are set in the field with tomato planters 
in rows so spaced that the usual farm 
cultivation implements can be used. The 
type of plant grown is shorter and bush- 
ier and produces more seed than the wild 
form. Since the covering of the seed 
contains a high percentage of oil this 
type yields more oil per acre. In early 
fall the crop is harvested with a mower 


with a buncher attachment, as used for 
seed clover, and allowed to dry partially 
before it is distilled. The yield of oil 
obtained ranges from 10 to 40 pounds 
per acre. 

The quality of wormseed oil depends 
on its ascaridole content which is easily 
affected by several factors. If the crop 
is harvested when too immature the 
ascaridole content of the oil is low. The 
temperature of the condenser water and 
the rate of distillation must be care- 
fully controlled. Under certain condi- 
tions ascaridole is quite soluble in water, 
and some producers redistill the distil- 
late water and thus recover much of this 
im])ortant constituent. 

Dill. The dill herb obtained from 
Anefhuni graveolemt L., which is so 
widely used for flavoring pickles, con- 
sists of the leaf, small steins and seed, 
the latter in various stages of maturity. 
The successful use of dill oil as a snb- 
.stitnte for the herb requires that the oil 
possess the same flavor as the herb. 
Since the leaf oil and seed oil are quite 
different it is essential that the oil be 
distilled from herb harvested at the stage 
at which it is used for pickling. To ac- 
compli.sh the harvesting and distillation 
at exactly this stage is therefore a chief 
concern of the grower. 

Dill oil was first produced in the North 
Central States about 15 3 ’ears ago in re- 
sponse to the demands of pickle and 
kraut manufacturers. Ohio, Indiana and 
Michigan have been the principal centers 
of production, but in recent years the 
production has shifted to Oregon and 
Idaho. For several years the center of 
production was in the vicinity of Berne, 
IndkfiH^ where up to 500 acres of dill 
were grown and six or seven stills were 
in operation. At that time the growers 
received $4 to $5 a pound under contract. 
A decline in price resulted in a gradual 
reduction in acreage until at the present 
time only., about 5% of the former 
acreage is grown there. Information on 
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the acreage in the Northwest is not avail- 
able, but at present the principal pro- 
duction of the crop is apparently in the 
Willamette Valley in Oregon. 

In Indiana dill is sown directly in the 
field with a beet or bean drill early in 
spring in rows about 22 inches apart. 
The crof) is ready to harvest in 90 to 105 
days. It is harvested usually about the 
middle of July when the earliest seed has 
rii)ened, using a grain binder. The herb 
is allowed to cure in the field for a day 
or two and then distilled with the same 
e(|ui])ment as is used in distilling mint. 
It requires from 2^ to 3 hours to exhaust 
the charge. The yield ranges from 15 
to 50 ])oun(ls i)(‘r acre. At times a second 
(‘rop is obtained the same year, but the 
yield is small and usually unprofitable. 
There are several varieties of dill, some 
of which are not suitable for the purpose 
b(*eause tluw yield less oil or oil of poor 
quality. 

Japanese mint. A variety of mint, 
Mentha arvcnsis L. var. jyiperascens 
Malinvaud, which for years was grown 
almost exclusively in Japan and is hence 
called ‘Mapanese mint,’’ is the only com- 
mercial source of natural menthol in nor- 
mal times. During the recent war this 
mint was grown extensively in Brazil, 
and it remains to be seen wliich of these 
countries will become the principal sup- 
plier of menthol in the future. 

This variety of mint is closeiv related 
to the peppermint grown in thh- country, 
but it produces an oil with u]> to 80% 
of menthol and which is therefore a much 
better source of this product than the 
American pe])permint oil with only 
of menthol. The species was grown suc- 
cessfully in California about 20 years ago 
wdien the high price of menthol made the 
crop profitable. During the recent war, 
wdien menthol w’as once more of high 
value, it was again introduced into that 
State in the general vicinity of Shafter 
where it was also grown previously. 
However, interest in the crop could not 


be sustained wdien greatly increased 
Brazilian production of menthol and the 
end of the war clearly pointed to an early 
decline in the pri(^e of that product. 

The Japanese mint is less hardy than 
American mint and is therefore not so 
well adapted to the mint-growing sec- 
tions of the North Central States. Ex- 
perimental plantings in many parts of 
the country have shown that the men- 
thol content of the oil is generally highest 
wdien Ihe crop is growm in the northern 
States and in California. The plant 
grows vigorously under irrigation in 
(.'alifornia and i)roduces tw^o cuttings a 
year. The yields of oil average 60 to 70 
pounds per acre and are larger than else- 
where, and since the oil contains about 
80% of menthol the crop is undoubtedly 
best adapted to that State. The higher 
returns more than offset the higher cost 
of ])roduction. 

The crop is growm and distilled like 
Ame ican mint. Extracting of the men- 
thol from the oil is accomplished by re- 
frigeration wdiich causes the menthol to 
(uystallize. The oil is sei)arated from 
the crystals wdth a centrifuge and then 
again refrigerated, and the i)rocess thus 
repeated several times. The dcnneiithol- 
ized oil is poor in flavor and not gen- 
erally acceptable for the ])urposes for 
which American ])eppermint oil is used. 
The Food, Drug and Cosmetic Act re- 
quires that goods flavored with Japanese 
mint oil or the dementholized oil be 
labeled “flavored with corn mint.” It 
is not practical for the average growler 
of this mint to undertake extraction of 
the menthol, and the general practice has 
been for the growers to sell the oil under 
contract to the principal consumers of 
menthol or to dealers in oils who have 
the facilities for economic separation of 
the menthol. 

Lemongrass. On the reclaimed land 
of the Everglades in southern Florida 
there is at present the only acreage in 
this country of a true tropical essential 
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nessee, North Carolina and other States 
from wild plants of Hedeoma pulegioides 
(L.) Pers., but its prodmdion gives so 
little promise of profit that attempts to 
produce it are frecpicnlly soon aban- 
doned. The high cost of collecting large 
quantities of scattered, wild growing 
plants is no doubt the principal reason. 
The operations are so sporadic and the 
amount of oil jiroduced is so limited that 



Fig. 6. Floabane {Erigeron canadense). 
(From Bentley ^ Trimen, Medicinal Plants, 
1880 .) 


no reliable information or statistics con- 
cerning the subject can be obtained. 

Erigeron. The prolific weed Erigeron 
canadensis L., common in abandoned 
corn and other fields in the Middle West 
where it is known as marestail, is the 
source of small quantities of erigeron oil 
distilled by mint farmers from time to 
time in southern Michigan and northern 
Indiana. The oil finds a limited use in 
pharmaceutical preparations. Produc- 


tion is extremely sporadic, and no statis- 
tics concerning it are available. The 
plant is never cultivated, but when it 
grows verj' abundantly in a field in the 
mint or wormwood growing section the 
“crop” is likely to be bought for a few 
dollars by somebody who owns a still, 
and the oil distilled from it. The buyer 
harvests it with a binder or mower, 
allows it to dry several days and then 
distills it. The yields are reported to be 
from 25 to 30 pounds per acre when the 
stand is heavy. 

Sassafras. The common sassafras 
Sassafras alhidum (Nutt.) Necs, wide- 
.spread and abundant on waste lands in 
the eastern thii*d of the country, is the 
source of sassafras oil. This oil is widely 
used as a flavor in carbonated beverages 
and dentifrices and for its medicinal 
properties in some jiharuiaceul ical ])repa- 
rations. It is produced mainly in vari- 
ous sections of Kentucky. Tennessee, 
North Carolina, Virginia and southern 
Indiana .and Ohio. All parts of the sas- 
safras tree contain the oil in varying 
quantities, but only the roots and stumps 
are utilized. Some of the oil is distilled 
in small, rather primitive stills which are 
probably moved from one location to an- 
other as new supplies of the needed 
material must be found. There are sev- 
eral larger operators with more modern 
stills. The raw material for these is ob- 
tained either from farmers who secure 
it on their land and deliver it to the still 
or through the distiller’s collection erew’s 
who are provided with the necessary 
equipment. The trees are felled and the 
stumps then pulled out of the ground. 
They are cleaned oT adhering dirt and 
hauled to the distillery where they are 
run through a hogging machine and re- 
duced to small chips which are stored 
above the still into which they arc loaded 
as needed. The bark of the root contains 
from 5 to 9% of oil, whemeas the wood 
contains less than 1%. When the sap is 
flowing in the spring or when the ground 
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is frozen, much of the bark will strip 
from the roots and remain in the f*:round 
when the stumps are pulled. It is tlie 
praetiee, therefore, to en^^aj>e in this 
operation in late summer or fall. Dis- 
tillation is eondueted in the usual way. 
Steam is admitted from a boiler and 
blown throufzh the chips in the still. 
The operation is completed in about four 
hours. The yield of oil varies from 1.5 
to 2/r, aceordin**’ to the proportion of 
wood and bark in the (diar^e. 

Cedarleaf. In northern New York, 
Vermont and to a less (*xtent in New 
Hampshire and Maine the production of 
eedarleaf oil has lon^' been a small local 
industry carried on by fai'iners durinji: 
the time of year wh(‘n they are not o(‘cu- 
j)ied by usual Tarin work. The oil, used 
for j.‘(‘n(‘ral s(‘entin^’ purposes, is obtained 
from the leaves and small branches of tlie 
whit(* (*edar, Tlnija ocridvnialin L., abun- 
dant in that region. With few (‘xceptions 
the distillations are conducted with 
ratlier cr'ude e(|ui])inent, mostly con- 
structed fj’oni materials locally availabh* 
and at small cost. They are of the ty])e 
where steam is admitted into the still 
fj’oin an outsid(‘ sour(*e and no fire is 
niaintaiiuMl under the still. Old saw mill 
or hoisting' engines are generally used as 
a source of steam. The stills are set up 
near s])rin^'s or streams which provide 
ample water for the condenstu' through 
gravity flow or by means of ])\?mps. 

The most desirable material i^r oistil- 
lation (‘onsisls of the leaves ainl small 
branches removed from trees about five 
feet in heij^ht. Such material is reported 
to yield from 1 to 1.5 /V of oil. It is cut 
up into small size and packed tij^htly in 
the stills. These are in most cases made 
of spru(*e plankiiijr, tonj 2 ;ued and grooved. 
The scams are calked with clay or other 
suitable material. Some producers use 
steel tanks, The stills are operated by 
admittinj*: steam into the tub > directly 
from a boiler. 

The equipment is moved from time to 


time, sometimes to several locations 
within a seaso]i. This is necessary to 
avoid hauling* the brush loii<»‘ distances. 
The small trees are brought to the still 
where the usable material is trimmed off. 
Tlie heavy wood furnishes fuel for the 
boiler. The si)ent material after dryinj*’ 
is also used for fuel. About five years 
is requii’cd for new growth to reach the 
desired size. 

Procurin«’ the material for the stills 
ijivolves hard labor which is often per- 
formed und(*r severe weather conditions. 
('Onsiderin*** the labor involved, the re- 
turns are relatively small, but they pro- 
vide additional income witliout undue 
interference wdth the usual farm opera- 
tions. 

The oil is usually brought by the pro- 
ducers to local storekeepers or collectors 
in some central location where it is 
cleaned by removal of dirt and water 
before (‘iitering* the market. Some pro- 
duce^*., however, sell directly to large 
dealers in essential oils. 

Sweet birch and wintergreen. Two 
native i)lants yield volatile oils of iden- 
tical flavor, namely, sw('et birch and win- 
tergreen. These oils (‘onsist of up to 
of methyl salicylate to which. the 
thera})eutie })ro})erties of the oil are due. 
Methyl salicylate can be made cheaply 
synthetically, and since it has the same 
medicinal ])roperties as these natural 
oils, the r. S. Pharmacopoeia permits its 
use for medicinal purj)oses, provided it 
is labeled accordingly. However, the oils 
possess certain flavor characteristics not 
possessed by methyl salicylate, and they 
therefori* are in demand as flavoring 
agents in certain products. They are 
used in carbonated beverages, chewing 
gum and dentifrices. For their thera- 
peutic value they may be used in lini- 
ments and ointments, but for that pur- 
pose they are probably not superior to 
methyl salicylate. Neither sweet birch 
nor wintergreen oils exist in the respec- 
tive plants as such but are formed when 
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certain glycosides that are present are 
acted upon by plant enzymes. To bring 
about this reaction the plant material 
used is chopped or crushed and then 
macerated in warm water in the still, 
generally overnight, before the usual dis- 
tillation is started. 

The sweet birch or black birch, Belula 
lenta L., is a rather widely distributed 
tree from New England to Tennessee and 
Florida. Production of the oil is a very 
limited industry, carried on chiefly in 
north central and eastern Pennsylvania, 



Fig. 7. Black birch {Betula lenta), *(Cour’ 
tesy New York Botanical Garden.) 


the Connecticut Valley and in the south- 
ern Appalachian region of Tennessee 
and the Carolinas. The trade recognizes 
two grades of the oil, namely, northern 
oil produced mainly in Pennsylvania and 
regions north, and soutbt^im oil, produced 
in the region farther south. It is claimed 
that the northern oil has a superior fra- 
grance. This preference is reflected in 
the market value of the two grades. No 
botanical differences can be discerned 
between the trees in the two regions, and 
the physical and chemical characteristics 


of the oils from the two regions do not 
provide a basis for this distinction by the 
trade. 

Production of birch oil in flve north 
central Pennsylvania counties is largely 
a winter activity of farmers in that 
region who thus utilize the otherwise 
slack period on the farm to add to their 
income. The cutting, hauling and trim- 
ming of the branches is a laborious task, 
somewhat less so in winter because it is 
not hampered then as in summer by the 
leaves which do not contain oil and only 
add to the amount of material that must 
be handled. It is im])ractical and uneco- 
nomical to haul the material more than 
a few miles, and many of the stills are 
therefore moved from place to place. 
Several years are required for the new 
growth on the cut trees to reach the de- 
sired size. 

The stills, which are of about 200 cubic 
feet capacity and hold from ] to 11 tons, 
are constructed of heavy planks made as 
leak-proof as iiossible. The bottom is 
faced with heavy sheet copper so that a 
fire may be maintained directly under 
it. The stills are firmly packed full with 
the small material at the bottom. 

If the period of maceration is during 
the ^ night, distillation is conducted 
through most of the following day. The 
yield approximates 0.5% of oil. The oils 
are heavier than water and therefore 
settle to the bottom of the receivers 
which must be designed accordingly. 
The water which flows from the receivers 
during the early period of the distilla- 
tion holds considerable oil in suspension, 
and this is generally returned to the still 
with the next charge. 

Production of the so-called southern 
oil is no doubt accomplished in much the 
same manner. There the distilling 
equipment is likewise of simple and in- 
expensive design, and, as in the north, 
stills are moved from place to place to be 
accessible to the material needed. 

Wintergreen, GauHheria procumhens 
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L., is a small, low j^rowing, perennial, 
evergreen herb usually found in cool, 
damp situations in woods, most abun- 
dantly in the mountains of the Eastern 
States. Production of the oil is centered 
in (Jarbon and Luzerne counties, Penn- 
sylvania. Collection of the herb is slow 
and diffi(*ult. The plants are usually 
partly covered with fallen leaves which 
must be raked off after which the leaves 
and small stems of the wintergreen are 
l)ulled off by hand and placed in sacks. 
Since imudi of the work is under low 
growing trees its laborious nature can 
easily be understood. The distillation is 
usually done in the summer months when 
the plant contaiiis the most oil and chil- 
dren can be helpful in collecting. 

The oil, which is the same as birch 
oil, as already ex])lained, is obtained by 
macei'ation and distillation with the use 
ol similar (Mpiipment, similarly of)erated 
but generally of smaller size. Most of 
the stills are of simple, home construc- 
tion, but thei'e are several of more ad- 




Fkj. 9. Witch-hazel (Uaniamelis virgniiana) . 
(Cotirirsy Mass, II art. Sor.) 


vanced design. The time required to 
exhaust a charge is reported to range up 
to 12 liours. The yield of- oil depends 
on the season of the year, the pro])ortion 
of leaves and steins and the completeness 
of the chemical reaction that takes place 
during the maceration. The average is 
about 0.5^^ . The amount of oil pro- 
duced annually has decreased steadily 
for years, and at present only a few 
])eo])le are engaged in its production. 

Witch-hazel. Although the witch- 
hazel sliimb, Ilanunnelis viraiuiana L., 
contains a volatile oil which has for 
many years been considered the thera- 
peutic agent in witch-hazel extract used 
in external nuMlicine, the oil is not pro- 
duced as such. The product obtained in 
Connecticut from the witch-hazel shrub 
is the aqueous distillate resulting from 
steam distillation of the young branches. 
To this 15% of alcohol is added. Tt is 
an official product of the National For- 
mulary VII in which it is described 
under the names “witch-hazel Avater’\ 
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“Hamamelis water” and “distilled ex- 
tract of witch-hazel”. No oil separates 
during the distillation. 

There are no farmer producers operat- 
ing crude equipment, as in the case of 
most of the oils already discussed. The 
industry in south central Connecticut is 
limited to the operations of a few special 
producers with highly developed modern 
copper stills using selected raw mate- 
rials. It is reported that generally 50 
gallons of filtered aqiieous extract are 
obtained from 1,000 pounds of brush. 
To this the alcohol is added, and the 
product is then stored in oak barrels 
which are paraflftned on the inside. 
There are no statistics on the quantity 
of the extract produced. 
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Utilization Abstracts 


Pineapples. Pineapples have previously 
been reported as growing wild in Brazil, 
Surinam and Paraguay, and now there is 
word of th^r wild state in Venezuela. The 


forms there bear seeds abundantly and occur 
in a number of varieties, somo'^of which have 
been under cultivation by the Piaroa Indians. 
(Ismael Velez, Science 104: 427, 1946). 



Tung Oil — A Gift of China 

In 1937 the annual maximum of 175 million pounds 
of this valuable drying oil was imported from China 
into the United States, and by 1946 constantly increas- 
ing domestic production of the oil rose to a little 
more than IS million pounds that year. 

(J. n. BLACKMON 

Florida A (friculi tiral Experiment Sfahon 


Introduction 

In 1905 the United States I)ej)artinent 
of Agriculture brought tlie tuiig-oil tree, 
Aleuritea Fordii, from China to the 
Thiited States and thereby initiated one 
of the many attem])ts that have become 
so im])ortant in recent years to make 
Aimu’ica independent of foreign sources 
of plant products. The genus Alcuriics 
(‘ontains five s[)ecies, iu'z., A. Fordii 
llemsi.. A, ntonfana (I/our.) Wilson, ui, 
moivcrana (L.) Willd., A. cordala Thun- 
berg and A. frispenna Blanco, but of 
them all. A, Fordii is by far the most 
important so far as production of tung 
oil is concerned. According to reports, 
li()\v(*ver^ .1. mania na supplies at least 
some of the oil ])roduced in the Avarmer 
])arts of China. 

.1. Fordii, a native of China, is a de- 
ciduous tree and grows 25 to 40 feet and 
more in height. The leaves iie h ^art- 
shaped, though often with three more or 
less distinct lobes, large and dark green 
in color. The fruit is from two to three 
inches in diameter, olive green turning to 
a dark or deep brown when mature and 
dry. The fruit may be borne singly or in 
clusters of two or more, according to 
type, and is generally more or less spheri- 
cal in shape. The common distinction of 
tyi)es as single^' and ‘‘cluster’’ desig- 
nates how the fruit is borne, whether one 
fruit or two or more at the ends of twigs. 
The fruit, often referred to as a “nut,” 
consists of an outer portion or husk and 


usually five seeds, sometimes three to 
seven of them. When mature the fruit 
falls to the ground and when dry is 
ready foi* liarvest. 

Development in the United States 

Since tlie introduction of the tung tree 
there have been more than 150,000 acres 
planted to it in the United States, mostly 
in Mississippi, Louisiana, Florida, Ala- 
bama, (teorgia and Texas. The 1040 
census shows a total of 12,671,000 trees 
of all ages in the United States, and there 
have been heavy plantings since the year 
of that ref)ort. 

The first tung seed brought into this 
country in 1905 were received by the 
United States Department of Agricul- 
ture from Consul General L. S. Wilcox 
at Hankow, China. These seed were 
planted in the Department’s Plant In- 
troduction Garden at Chico, California, 
and seedlings were distributed from 
there to various cooperators. Several 
times during subsecpient years the De- 
partment received other seed from 
China ; these, together with seed pro- 
duced by the first trees grown here, were 
planted, and many small nursery trees 
were sent to various parts of the country 
for testing wherever climatic conditions 
seemed to otfer possibilities for tung tree 
growth. 

Several trees went to Tallahassee, 
Florida, and in 1906 Mr. William H. 
Haynes planted five on his plantation 
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Fia. 1* In 1905 seeds of the tung tree {Aleurites Fordii) were first imported from China 
into the United States by the U, S. Department of Agriculture. Of the seedlings raised from 
these seeds at the Department’s Plant Introduction Garden at Chico, Cal., five went to Mr. W. 
H.' Baynes, on whose plantation near Tallahassee, Fla., they were planted. One of them sur- 
vived, pictured here, and lived until • August, 1940, when it died after removal for road con- 
struction. 
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nearby. One of them survived and 
lived until August, 1940, when it died 
after its removal from the ri{>:ht-of-way 
for a new lii^hw^ay. At the time the tree 
was removed and replanted it was about 
35 feet tall and had a trunk eireumfer- 
enee of 5.29 feet. The tree bore three 
fruits ill 190M and continued to yield 
each year exee])t when s])rinj^* frosts de- 
stroyed the blooms and durin^^ the time 
it was reeoveriiifi: from damage caused by 
a fire Avhich destroyed the jdantation 
home shortly after Mr. Haynes died in 
1914. In 1913 the Educ'ational Bureau 
of the Paint Manufacturers’ Association 
expressed 2.2 gallons of oil from 1,095 
fruits produced by the Rayiies tree, this 
bein<ir the fii-st Americaii-jirowii tun»- 
oil. In 1913 Mr. Tennant Ronalds, near 
Tallahassee, planted four acres with seed 
of the Raynes tree and later increased 
the or(*hard to 40 acres. 

One of tlie trees distributed by tlie 
r. S. Department of A*^ric\dture from 
the early nursiTy at Chico, was planted 
by Mr. J. B. Wijjrht at C^airo, (jeor<»:iif. 
This tree is still livinj? and has produced 
many crops of fruit. There are also sev- 
eral old tun^' trees in Baldwin (’ounty, 
Alabama, which w(U*e evidently planted 
dnrin*^’ the early days of tun«' trials, as 
they are now’ of larjze size. 

The Texas Experiment Station i)lanted 
two trees in 1907 and tw^o in 1908. It is 
reported that the first two and One of the 
second pair lived until January, 1930, 
wlien they w^ere killed by a temf>crature 
of - 4 de< 4 ‘rees P. 

Early tests of the tun" tree at the 
Florida Apfricultural Experiment Sta- 
tion bep:an in 1912 when ten trees were 
received from the United States Depart- 
ment of Ajrrieulture and planted in the 
Horticultural Grounds. Some of the 
original trees died and were replaced in 
1914. Certain ones of the first planted 
trees began to bear in 1916. All these 
trees are still vigorous and in production, 
except No. 5, which was killed by the 


extreme cold of November 15-17, 1940., 
and No. 10, wdiich was killed by mush- 
I'ooni root-rot in 1945. The average an- 
nual yield ])er tree of air-dried hulled 
seed from 1922 to 1946 inclusive varied 
from 5.6 to 65.7 pounds and the amount 
of oil calculated in the seed from 1.9 to 
22.7 pounds. The average for all eight 
trees wiis 25.8 pounds of seed and 8.9 
])ounds of oil for the 25 years. 

Soon after 1920, as a result of the ten 
trees growing on the Ex])eriment Station 
Grounds, interest began to be manifested 
in tung culture, and a small orchard was 
planted near Gainesville, Florida, in 
1923. In 1924-25 the American Paint 
and Varnish Manufacturers’ Association 
planted an experimental orchard in an- 
other part of this area, but the land 
selected W’as too wet for tung tr(»es and 
the test W’as not successful. 

Tung Tree in China 

Tin Chinese have been familiar with 
tung oil for centuries. Ilowevei*, they 
apparently have given little attenlion to 
the cultur(‘ of the tre(‘, siiu'c it could be 
j)lanted in waste })la(‘es, smdi as ditch 
banks and hillsides, and in due time 
would ]m.)duce fruit. No large culti- 
vated orchards liave been reported, but 
api)areiitly some small ones have been 
maintained. 

The tree is said to thrive best in hilly 
regions where the altitude does not ex- 
ceed 2,500 feet. This impression may be 
due to the fact that such hilly sections 
are the principal locations of plantings, 
as they more than likely are tlie w’aste 
lands w’hich can not be utilized for more 
intensive agricultural production. This 
situation is quite different from that in 
the United States where trees have 
always thrived best on good soils and 
have never succeeded on those with low^ 
fertility or in the wild without cultiva- 
tion. 

It has been reported from China that 
tlie trees can withstand a temperature 




Fio. 2 {Upper) » A tung tree in full flower in early spring before the leaves appear. 
Fig. 3 {Lower ) . A tung orchard after the leaves have fallen and the fruits have been gathered 
in sacks. 
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of 4° F., but this doubtless refers to 
A. Fordii, as A. montana will not sur- 
vive at such a low temperature in the 
United States and has been killed to the 
ground by a sudden fall in temperature 
to 18° or 20° F. This agrees with the 
experience in the United States with ^1. 
Fordii, except that temperatures of 26° 
and 28° F. have caused damage to trees 
of all ages when not thoroughly dormant. 

The tree in China is said to attain a 
height of 10 to 30 feet, with a trunk 
diameter of six to ten inches, and begins 
to bear in three to six years and to de- 
cline in ten years. It is said that the 
trees pass their maximum producing 
cai)acity at about 10 years of age and are 
replaced by new plants in 12 to 14 years. 
Yields are said to be from 30 to 40 
pounds of fruit per tree annually when 
at the height of production. These data, 
as reported for China, show less growth 
and yields than those obtained in the best 
producing areas in the United States 
where tuug has been extensively planted. 

lleports state that the Chinese farmer 
clears away a place in the waste land to 
plant the trees or seed, digs a hole and 
tills in with compost or some other type 
of good organic material, and the trees 
are allowed to grow until the sti’ongest 
one can be determined; then the weak- 
lings are removed. No additional fer- 
tilization and cultivation are given the 
.soil except to cut the vegetation from 
around the trees to eliminate eompeti- 
tion. This may account for the reported 
short life of the tung tree in China as 
compared with the prospective age of the 
tree in the United States where the best 
practice is to prepare the land before 
the trees are planted. There is probably 
some improvement taking ])lace in China, 
or, at least, there are indications of this, 
as much of the information regarding 
cultural practices developed by the 
Florida Agricultural Experiment Sta- 
tion and other State and Federal agen- 
cies have been obtained by Chinese agri- 


cultural workers for the express pur- 
pose of testing these imi)roved methods 
under conditions in China. 

In China, harvesting the fruit, shelling, 
grijiding the kernel and extracting the 
oil are quite ditferent from the modern 
mechanical methods employed in the 
United States and certain other countries 
which have undertaken to establish a 
tnng-oil industry. The Chinese practice 
is to allow the fruit to remain on the 
ground until the husks decay sufficiently 
to {)ermit easy removal, when it is gath- 
ered and the seed removed. In some 
cases the fruit is gathered, placed in 
piles, and then covered with straw where 
it is allowed to remain and ferment, 
which accomplishes the desired purpose 
of getting the husks iii such condition 
that they can be readily removed by 
hand. The husked seet^are carried in 
baskets slung on poles to small mills 
where the oil is expressed by hand in a 
crude and uni(|ue tyi>e of wooden jjress. 

The oil is purchased from the small 
mills by agents and trausi)orted in bas- 
kets by labor to collection stations or 
river ])oints from which it is trau.s])orted 
to the coasts. By a settling process much 
of the solid impurities are eliminated. 
The oil itself is then separated into dif- 
ferent grades, with the lightest in color 
being the best. 

When the oil-laden junks arrive at dis- 
tribution points, the baskets are un- 
loaded by laboi- where the oil is placed 
in tanks. Further settling takes place 
in these tanks and the oil is again sepa- 
rated into different grades, according to 
color and ai)parent purity. Formerly 
the oil was transported to America in 
oak barrels, but in later years tank 
steamers have been utilized for consider- 
able quantities in bulk. 

Reports indicate that there has been 
great reduction in adulteration of tung 
oil in China during the past decade or 
so. In 1929 the Chinese National Gov- 
ernment put into effect an inspection 
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Fig. 4 (Upper). A tung tree in fruit. Fig. 5 (Lower), Tung trees planted on a contour 
with blue lupines as a cover crop. 

service of tung oil for shipment to for- turies the Chinese have used the oil in 

eign destinations and established specifi- various ways but most extensively in 

cations based on foreign reqiiirements. paints and waterproofing materials, as 

in other countries. Crude grades of it 
Importance and Uses are y^ed to coat the Chinese boat or junk 

Tung oil, being an important drying instead of covering it with paint. The 

oil, is utilized in large quantities in a residue after the oil is expressed from 

great many industries. For many cen- the nuts is used to make a caulking ma- 
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terial for boats. This is accomplished by 
burning the residue to a soot which is 
then mixed M'ith the oil to form a paste 
to make the caulking substance. 

The Chinese also use the oil in its 
natural state as a protective covering for 
houses, furniture and other woodwork. 
Other uses include waterproofing mate- 
rial for masonry, cloth shoes, clothing, 
baskets and paper. 

In America, tung oil is used in the 
manufacture of varnishes, enamel paint, 
floor paint, flat wall paint, i)aint driers, 
and to make waterproof or spar var- 


they provide a smooth surface which 
can be easily cleaned. It is said that 
they are somewhat more resistant to 
fungus attacks than ordinary paints. 

Tung oil was important in connection 
with many phases of the war program 
of the llnited States and her Allies. 
Consecpxently, when the United States 
became involved ixi war, steps were taken 
to conserve the supply of tung oil for 
war j)uri30ses, and to this end the (lov- 
erument had the full wholehearted co- 
operation of American growers and 
American industry. 




Fig. 6 (LrfI). Clustcv-typo of tung fruits. In tlic other linown type the fruits are borne 
siufjly. 3'^ig. 7 Cross-suction of the fruit. 


nishes. It is also used in the iiiaiinfae- 
ture of oileloth and linoleum and for 
waterproofing’ cloth and many other 
articles. Die electrical industry utilizes 
lar^e quantities in makinj^ iiisulatinji: 
coiiiponiids for cables, dynamos, motors 
and other such uses. 

There has been an increasing demand 
for tnnj? oil in America and other coun- 
tries, but American industries of various 
kinds use more tun^? oil than those of 
any other one country. Extensive re- 
search has resulted in increased use. 

Tun^ oil paints give a glossier finish 
than linseed oil paints, being much more 
like enamel in this respect. Therefore, 


Sources of Tung Oil 

The i^rineix>al geographical source of 
tung oil has been China. Total annual 
imports into the United States, accord- 
ing to the Bui'eau of Foreign and Domes- 
tic Commerce, Thiited States Department 
of Commerce, from 1925 to 1940, inclu- 
sive, varied from 83,004,000 to 174,885,- 
000 pounds. From January 1 to Sej^- 
tember 30, 1941, 25,894,000 pounds were 
imported. 

The existing situation regarding the 
supply of tung oil stocks for American 
manufacturing concerns has brought 
about an abnormal condition with ref- 
erence to the X)rice of the oil. Conse- 
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table 1 

Tuno Oil Importations into United States^ 
(IN Pounds) 


1925—101,554,000 
1920— 83,004,000 

1927— 89,650,000 

1928— 109,222,000 

1929— 119,678,000 

1930— 126,323,000 

1931— 79,311,000 

1932— 75,922,000 

1941— 2i 


1933— 118,762,000 

1934— 110,007,000 

1935— 120,059,000 

1936— 134,830,000 

1937— 174,885,000 

1938— 107,456,000 

1939— 78,718,000 

1940— 97,049,000 
,894,000- 


^Prom IT. S, Dept, of Commerce, Bureau of 
Foreign and Domestic Commerce. 

® January 1 to September 30. 

quently, tung oil is now selling at a price 
much higher than that received before 
the war. From 1923 to 1929 the price 


of imported oil averaged about 12 cents 
per pound; after 1929 the price began 
to decline until it reached a low of about 
four cents per pound in 1933 and 1934. 
After this there was some increase which 
was only slight until about 1938 when 
the price was much higher than that re- 
ceived from 1923 to 1929. 

Fruit grown in the United States now 
furnishes only a small part of the oil 
required by American manufacturers. 
However, the supply is gradually in- 
creasing, and the U.S.D.A. Crop Reports 
estimate the 1946 production in the 
United States at 47,300 tons of fruit 
which should have yielded approximately 
15,136,000 pounds of oil. The estimated 
yield in 1946 is 28% greater than the 
1945 production. 


TABLE 2 

Tung Fruit (Nuts) Production in United States^ 


Year 

Alabama 

Florida 

Georgia 

Tons 

Value 

Tons 

Value 

Tons 

Value 

1939 

20 

$ 900 

550 

$ 22,000 

15 

$ 700 

1940 

200 

13,000 

4,700 

282,000 

1,200 

77,000 : 

1941 

350 

33,000 

2,250 

202,000 

650 

60,000 

1942 

500 

47,000 

3,700 

333,000 

950 

80,000 

1943 

100 

10,000 

700 

65,000 

200 

19,000 

1944 

700 

70,000 

7,000 

700,000 

800 

75,000 

1945 

1,140 

117,000 

8,400 

823,000 

•MOO 

102,000 

1946® 

. b300 

134,000 

10,500 1 

1,029,000 

1,500 

144,000 



iIT.S.D.A. Crop Reports. 

2 Includes some quantities from Texas. 

3 Preliminary. 
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Soils and Location 

It is important that suitable soils be 
selected on which to locate the tunp or- 
chard. Trees have grown best on soils 
with a friable clay siibsoil which may be 
clas.sed generally as well drained sandy 
loams of the good farming lands of the 
South that are moderately acid in reac- 
tion. The soils must have good water 
drainage, and the site of the orchard 


be greater than where such is not the 
case. But within the best areas as to 
general elevations, there are some loca- 
tions and pockets of low lands which 
have poor air drainage, and these danger- 
ous spots should not be planted to tung 
trees. However, there is a direct corre- 
lation between the relative dormancy, 
growth and vigor of the trees and cold 
damage. In general it can be said that 



Fig. 8. One of orchard bin used for storing fruits loose. 


should have adequate air drainage to 
avoid undue losses from freezing tem- 
peratures which may occur after the 
trees force into bloom. 

The importance of the location of the 
tung orchard with reference to cold can 
not be over-emphasized. In certain areas 
where a mass of cold air is likely to flow 
in after periods of warm weather and 
force the trees into growth, losses will 


when tung trees are thoroiighly dormant 
they can stand relatively low tempera- 
tures without injury, though there will 
be some variation between individual 
trees. Trees in active growth, or those 
just forcing into growth, are subject to 
losses during freezing temperature, espe- 
cially in killing the bloom buds. Yet, 
tung trees require enough cold for an 
adequate dormant rest period, and for 
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this reason they do not succeed in the 
subtropical areas of the United States. 

Planting 

Tung orchards have been planted 
almost entirely with seedling stock, but 
budded and grafted trees are being 
tested. Large scale experiments with 
budding and grafting are being con- 
ducted by the U. S. Department of Agri- 
culture, B. P. I., S. & A. E. Tung Inve.sti- 


Fertilizers and Cover-Crops 

Fertilization and maintenance of soil 
fertility are of great importance in con- 
nection with successful tung culture. 
Fertilizer experiments have shown that 
nitrogen and potash are very important 
in maintaining tung production. The 
percentages of these will vary under dif- 
ferent conditions of soils and of the 
cover-crops grown and returned. Dur- 
ing the first two or three years onc-half 



Fig. 9. Tung' oil-expressing maehinery, pres.s at left and docortieator at right. (Courtesy 
of the Alachua Tung Oil Co.). 


gations Laboratories, and these will sup- 
ply much needed information as to the 
possibilities of improving jiroduetion by 
asexual propagation. Tests .shoty. that 
prolific trees with the most stable charac- 
teristics will transmit such prolificness 
to a high percentage of seedlings grown 
from seed produced by such trees. 
Therefore, growers do not hesitate to 
plant large acreages with seedling trees 
grown from seed selected from vigorous 
and productive trees. 


to one pound for each year of attained 
age of the trees will generally take care 
of the requirements. The mixture should 
contain aiiproximately 8% nitrogen and 
8% potash. Most growers, however, 
apply some phosphoric acid either in the 
fertilizer mixture or to the land for the 
satisfactory growth of some good legumi- 
nous cover-crop. After trees reach bear- 
ing age, they will generally’ require more 
potash on most soils, which can be pro- 
vided by additional applications. When 
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phosphoric acid is applied in the tree 
fertilizer, the mixture usually contains 
about 8%, derived from cither super- 
phosphate or basic sla{?. Fertilizers are 
applied at the rate of about one pound 
for each year of attained a{j:e of the tree. 
In soils of low fertility the amount of 
fertilizer should be increased to about 
two pounds per year of tree ajre. Trees 
receiving too little potash will develop a 
potassium deficiency, and when such defi- 
ciency is severe, it will cause early de- 
foliation and result in greatly reduced 
yields and death of the trees. Regard- 
less of the commercial fertilizer used, 
growers make a jn'actice of api)]ying the 
tiing' bulls and tung cake meal in the 
orchard, when it is possible for it to be 
returned from the mill. 

1ji addition to the regular fertilizei’s 
containing nitrogen, i)hosphoric acid and 
potash, tung trees in many areas recpiire 
an a])plication of one or more supple- 
ments for best growth and yu’oduction. 
The lack of certain elements in the soil 
in which tung trees are growing produces 
various disorders wliich are jnanife.sted 
by definite symi)toms characteristic of 
tin* particular condition brought about 
by a deficiency of those elements. 

The most important of tlie deficiencies 
in many parts is that of zinc, character- 
ized by malfoi’ination and bronzing of 
the leaves, shortening of the internodes 
and develoynnent of a rosette, as growth 
yu'ogresses. This yiliysiological disorder 
made its apj)earance in tung trees soon 
after some of the fii'st commercial i)lant- 
ings were made, and it was commonly 
called “bronzing”, due to the color of 
the leaves, l^ronzing causes a weakened 
condition of the trees, and in cold 
weather severely affected trees may be 
killed to the ground. The trouble is cor- 
rected by application of zinc sulfate to 
the soil or to the leaves as a spray. 
Bronzing threatened to retard seriously 
the develoi)ment of the tung oil industry 
when it first made its appearance but re- 


search at the Florida Agricultural Ex- 
periment Station determined the cause 
and evolved methods of control. 

Manganese and iron deficiencies have 
also been identified through research at 
the Florida Station. Manganese defi- 
ciency presents as its most typical symj)- 
tom a chlorosis in the leaves which has 
been designated “frenching. ” It can 
be corrected wdth manganese sulfate ap- 
plied either to the soil or to the tree in 
a foliage spray. Iron deficiency has 
been noted only in limited localized areas 
in a few orchards. It has been rather 
confined to definite sections in the af- 
fected orchards where groups of trees 
showed the t\ ])ical chlorosis in the leaves. 
When severe, the affected trees make 
]>oor growth and produce light crops of 
fruit. Iron deficiency is corrected with 
iron sulfate applied to the soil in which 
the affected trees are growing, or sprayed 
on the leaves. 

The Florida Agricultural Experiment 
.Station and the United .States Depart- 
menl of Agriculture, B. P. I., S. & A. E., 
coo])erating, have* identified two other 
deficiencies and worked out control mea- 
sures. One of these is caused by , too 
little coj)per available in the soil ajid the 
other is due to a lack of magnesium. 
(Jrowth and pi’oduction are greatly re- 
tarded when trees are severely affected. 

Severe cop])er deficiency has been ob- 
serve«l in some orchards in the (Jaines- 
ville and AVilliston, Florida, areas. The 
disorder can be identified by a reduction 
in the size of the leaves, later by defolia- 
tion, and in advanced stages by a dying 
back of the terminal twigs. The devel- 
opment of the cupped shape of the leaves 
has suggested the name “cupping”, by 
which the deficiency is commonly known. 
This disorder is eoi’rected by applications 
of copper sulfate to the soil or in a solu- 
tion sprayed on the foliage. 

Magnesium deficiency has been quite 
prevalent in certain areas where tung 
trees are being grown on some of the 
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sandier soils and, when severe, it affects 
growth and production. It is character- 
ized by marginal leaf scorch, and in some 
instances the necrotic areas in the leaf 
progress inward between the veins, 
closely resembling symptoms of potas- 
sium deficiency. The visible symptoms 
usually are not evident until .Tuly or 
later. Premature defoliation takes place 
in late summer on trees severely affected. 
This deficiency is controlled by applica- 
tions of magnesium to the soil, and since 
the sulfate is soluble, it is used for quick 
results. 

Tung trees respond to organic material 
supplied to the soil, and therefore it is 
advisable to grow and return cover-crops 
to the land for best results in maintain- 
ing tung production. There are several 
green manure crops which can be utilized 
for this purpose, but legumes are best, 
since they fix and return atmospheric 
nitrogen to the soil in addition to or- 
ganic matter produced. 

During the first several years after 
starting the orchard the main area culti- 
vated throughout the summer is a strip 
the width of a disk harrow on each side 
of the tree rows. This permits the grow- 
ing of some satisfactory summer legume, 
such as Crotalaria, Alyce clover and 
beggarweed. 

Winter cover-crops of lupines, vetches 
and peas are important in tung culture, 
and they can be grown satisfactorily on 
lands which have a considerable amount 
of clay. Soils with little clay and those 
of a deep sandy nature are generally not 
adapted for successful growth of these 
winter legumes, although under some 
conditions with late planting and heavy 
fertilization fairly good results caft be 
obtained with some of these crops. These 
winter legumes give excellent results in 
the program for the maintenance of soil 
fertility, since they grow at a time when 
the trees are dormant and there is no 
competition with them for the moisture 
in the soil. 


Insects and Diseases 

At present there are no insect and 
fungus diseases of tung trees causing 
universal losses. There are a few which 
have made their appearance, but they 
have not caused serious reductions in 
production except in localized areas. 

Nematodes have caused some trouble 
on nursery stock when the trees were 
planted on lands heavily infested with 
them. However, experimental plant- 
ings of heavily infested nursery stock 
on the Florida Experiment Station Farm 
grew out of the infestation and, when 
removed a few years later, w’ere free of 
root-knot and made satisfactory growth. 
Therefore, nematodes may cause severe 
damage to young trees in the nursery 
and seriously retard their growth during 
the first year or two, but when the trees 
are transi)lanted to the orchard the root- 
knot disappears. 

There have been three scale insects re- 
ported on tung trees, none of which has 
proved serious to date. They are the ivy 
scale (Aspidiolns hrderao (Vail.)), la- 
tania scale ( Asp idiot us latamue (Siga)) 
and the cottony cushion scale (Icerya 
purchasi (Mase)). If necessary, the 
first two can be controlled with a dor- 
mant spray of lime sulfur or oil. The 
cottony cushion scale can be controlled 
biologically w'ith Yedaiia lady-bird beetle 
released in the orchard when infestations 
are sufficiently severe to warrant control 
measures. 

Thread blight {Corticium Stevensn 
(Burt)) has produced severe injury in 
parts of some orchards, and when severe, 
causes a dying back of the branches. 
It can be controlled by spraying with 
Bordeaux mixture. One bacterial spot 
{Bacterium aleuritidis (McCulloch and 
Deraaree)) of tung leaves has been de- 
scribed, but no serious damage caused 
by it has been reported. 

Mushroom root-rot {CUtocyhe tabe- 
scens (Scop.) (Bres.)) disease has killed 
tung trees in localized areas in some 
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orchards. It generally occurs only 
where oaks and other native host trees 
have been cleared away to permit plant- 
ing tung trees. 

Harvesting 

The methods employed in harvesting 
the fruit are quite simple. When the 
fruit becomes fully mature in autumn, 
it drops from the trees and is generally 
allowed to remain on the ground until 
dry, but if drying equipment is available, 
moi.st fruit can be gathered. It is picked 
up by hand and either sacked and placed 
in covered sheds to dry further or run 
through dryers and then placed loose in 
well ventilated buildings erected es])e- 
cially for the purpose. When stored in 
sacks the sacks are stacked in such a 
manner that air has free pa.ssage be- 
tween them. 

The buildings in which fruit is stored 
loose in the orchard are so constructed 
that air has free access from the center 
outward. This is generally accomi)lislied 
by erecting a crib-like structure, with 
poultry netting nailed to the framework 
so as to leave the sides open for ventila- 
tion. Holes coveretl with wire netting 
are left in the floor to insure ventilation 
and also for ease in removing the fruit. 
These large outdooi- bins are built at con- 
venient locations in the orchard where 
the fruit can be jilaced in them as it 
is gathered. Unloading is accompli.«hed 
with a gasoline engine-powered portable 
elevator which conveys the fruit from 
the building into the truck body. Some 
storage buildings at the mill have forced 
ventilation, and mo.st of them are 
equipped with conveyors for transport- 
ing fruit to the processing machinery. 

Where the fruit is stored in sacks the 
buildings are generally long open sheds 
of easy access with the roof about six to 
eight feet high to allow convenient stack- 
ing. The sacks, tied in the orchard, are 
allowed to remain in these sheds until 
the time of milling the fruit, when they 


are loaded onto trucks and transported 
to processing plants. At the mills the 
fruit is dumped into large bins conven- 
ient 1o the conveyor belts running to the 
presses, and the empty sacks returned to 
the grower. 

Care must be exercised to prevent too 
high a moisture content of the fruit at 
the time of milling. This is the reason 
the fruit is allowed to become as dry as 
possible before it is picked from the 
ground. It also exj)lains why it is nece.s- 
sary to store the fruit in well ventilated, 
dry places which, in addition, insure fur- 
ther drying out of any excess moisture. 
The fruit should not contain too much 
moi.stui’e when it is to be shelled and run 
through th(‘ presses, for when too moist 
(more than 10/e to 12% moisture) the 
seed gives trouble in the })resses, and it 
is impossible to recover the oil in as high 
percentage as when the fruit is pro])erly 
dried. However, many mills are now 
e<iuipped with dryers with which fruit 
can be dried to where it will have the 
optimum moisture content. 

The first mill to be built in America, 
and in the world, for com])lete modern 
mechanical expressing of oil from tung 
seed, was erected in 1928 by the Alachua 
Tung Oil ('ompany on their property 
near (lainesville, Florida. This plant 
initiated commercial production of tung 
oil in the Thiited State.s, and the first 
tank car of American tung oil was 
shipped fi'om Gainesville, Florida, in 
1930. 17 years after the first oil was ex- 
jn*essed from American grown tung fruit 
produced at Tallahassee. Florida. In 
addition to the mill at Gai)iesville, there 
art* two others in Florida located at 
Brooker and Lamont. There are mills 
also in Georgia, Alabama. Mississippi 
and Louisiana, at strategical locations 
which, in connection with the Florida 
plants, can proce.ss the present produc- 
tion of tung fruit in the United States. 

These plants contain modern equip- 
ment for decorticating the fruit, grinding 
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the kernels and expressing: the oil from 
the kernels. The deeorticator, which is 
the machine that removes the hull or husk 
from the seed, consists of a rotary disk 
and huller. The seeds are delivered 
from these machines, after decortication, 
into conveyors in which they are trans- 
ported to tyrinders and then to the 
presses. There the seed-meal passes 
through the press, generally a screw 
type, where the oil is expressed under 
pressure. The oil is then passed through 
filters for removal of solid matter and 
for clai’ifying, and it is then ready to be 
placed in storage tanks or tank cars for 
shipment. An avei’age of about 16% 
(slightly higher in some fruit) of oil on 
the basis of the weight of the air-dried 
w’hole fruit is obtained by the expeller 
type presses. Thus the average amount 
of oil recovered is generally calculated 
to be about 1120 to .‘>50 pounds of oil per 
ton of whole fruit. The fruit, other than 
that produced by the mill owners, is 
either purchased from the growers or 
processed at a designated price per ton. 

American produced tung oil is of very 
high and satisfactory quality. The oil 
is light golden or light amber in color 
and is nearly transparent after it has 
passed through the filters. 

The tung cake, which is the residue 
left after the oil has been expelled, con- 
tains various percentages of oil, some- 
times as much as 5%, which would be 
worth several dollars per ton of fruit 
at present prices if the oil could be re- 
covered. This problem is being investi- 
gated in an effort to develop improved 
methods of exj)elling or extraction, to- 
gether with the possibility of extracting 
the oil from the cake with solvents. 

Varieties 

Up to the present there has not been 
any great attempt to introduce named 
tung varieties. Tree No. 2 of the orig- 
inal ten trees on the Florida Experiment 
Station grounds has come to be known 


generally as the “Ploi'ida.” This is a 
cluster type and has been the source, 
directly or indirectly, of considerable 
acreage in tung in the United States. 

Tree No. 9 has been utilized in many 
j)laiitings and has been so designated, 
and, while it has not been given a name, 
it can be considered as a variety and may 
be given an acceptable name at some fu- 
ture date. It has certainly had an ex- 
cellent record in point of production and 
has the ability of passing on to its 
progeny the vigor and prolificness that 
make it stand out prominently among 
tung varieties. 

Workers in the United States Depart- 
ment of Agriculture in tung investiga- 
tions have selected a large number of 
clones with which they are conducting 
experiments. These have been chosen as 
foundation stock with which to carry on 
their breeding and propagation work. 

The tung industry is still in the seed- 
ling stage, and it will continue so until 
methods of asexual propagation are in 
geiu'ral use. Especially is this true in 
face of the fact that it is possible to make 
selections of certain individual trees 
which will pass on their prolific char- 
acteristics to a large percentage of their 
progeny. 

The tung industry to date has been 
developed and expanded rather rapidly 
over a wide area in the South. The pio- 
neer spirit of the American people has 
again been emphasized, for those who 
have made these early tung plantings are 
truly pioneers, just as others have been 
who paved the way for many other horti- 
cultural industries in tlie United States. 

Research 

A great amount of research is being 
carried by the various State Experiment 
Stations and the United States Depart- 
ment of Agriculture in the commercial 
tung-producing area of the South. The 
Florida Agricultural Experiment Sta- 
tion has been active in this field since 
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1912. The United States Department of 
Agriculture began testing tung trees in 
1905. In 1938 the Bureau of Plant In- 
dustry (now B. P. I., S. & A. E.) set up 
Laboratories for Tung Investigations at 
the Florida Agricultural Experiment 
Station, (lainesville, Florida; at Cairo, 


(jteorgia; at the Alabama Gulf Sub-Sta- 
tion, Fairhope, Alabama; and at Boga- 
lusa, Louisiana. In the same year lab- 
oratories were opened at Gainesville, 
Florida, and Bogalusa, Louisiana, by the 
Bureau of Agricultural Chemistry and 
Engineering. 


Utilization Abstracts 


Tonka Beans. From 1941 through 1945 
Brazil shipped to the United States an an- 
nual av(‘rag(* of $47,000 worth of tonka 
l)eans, the seeds of Dipteryx odorata. This 
tr(*e llourish(\s in the Brazilian states of 
Amazonas, Para and Mat(» Grasso, some- 
times attaining a height of 100 feet. The 
fruit is a pod, about two inehes long, ma- 
hogany in color when ripe, and contains a 
single* shiny black seed. This seed or bean 
is known in Brazil as cumarii and is one 
source of an ingredh'iit known as coumarin 
which is extensively used as a flavoring agent 
ill the preparation of tobacco, snutt, cos- 
metics, soa])s, ])erf limes and foodstuffs. It 
accounts in part for the pleasant fragrance 
of cigarettes, the delicate scent of toilet 
soaps and the piipiaut tasti* of licpieurs. 

Fallen pods are gathered from January to 
March, the hard outer shells r(*moved and the 
beans then spread out for two or three days 
to dry. They are next bagged and shipped 
in boats or canoes to nearby towns where 
they are soaked in native rum up to several 
days. When the rum is drain(*d off the beans 
are again dried, and this process coats them 
witii a whit(» crystalline deposit of coumarin. 
They are then ready for export. 

For use in cigarette tobacco, the most 
important use in the United States, the 
beans are ground and given another rum 
treatment, this time for about three months. 
The resulting liquid, rich in coumarin and 
highly aromatic, is drained off and sprayed 
over the tobacco, giving it a distinctive fra- 
gi’ance. The extract is used also in cakes, 
candies, preserves and liqueurs, as well as 
a substitute for vanilla. It has also been 
found to be a fixing agent in the manufac- 
ture of coloring materials. And medically 


the bean k(‘rnels have value in the treatment 
of general weakness and nausea. {Anon., 
Brazilian Bulletin, Brazilian Gov't Trade Bu- 
reau 1. 

2,4-D, a Selective Herbicide in the 
Tropics. The selective nature of 2,4-di- 
chlorophenoxyacelic acid as a herbicide has 
found great use in controlling the we(*ds of 
sugar plantations in Puerto Rico, and prom- 
is(*s to lie of similar value in coffee planta- 
tions. Th(*se two economically important 
crop ])hints are unaff(*cted by sprays of the 
herbicide in concentrations up to 0.3^^, 
whereas many of the weeds interfering with 
these crops succumb to that or lower concen- 
trations. Some non-graminaceous weeds are 
immune. This valuable ai^plication of a 
plant hormone has emerged from work at 
the institute of Tropical Agriculture at 
Mayaguez, Puerto Rico. The cost of weed- 
ing in sugar-cane plantations there has be(*n 
reduced to 50C per acre, so far as ch(*micals 
are concerned, by this means, and some of 
the most serious weeils have been effectively 
controlled. J. van Overheek and Ismael 
V(dez, Science 103: 472. April li), 1946). 

Lycopodium Powder. The inflammabh*, 
infinitely fine and almost impalpable sjiores 
of lycopodium found use during the recent 
war in connection with tracer bullets and 
flares. In j)eace-tim(‘ they were used for 
dusting pattern molds, for packing pills, 
and, since they crackle brilliantly when they 
burn, as an ingredient in fireworks. Prior 
to 1942 the chief source of the powder was 
Japan which supplied 47,698 pounds in the 
period 1939-1941. {Anon., Herbarist No. 12 
p. .60. 1916). 
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The latest applications of physiologic principles to 
the solution of agricultural and horticultural prob- 
lems involve the use of synthetic hormones to stimu- 
late rooting of cuttings, to effect blossom thinning 
in fruit production, to prevent pre-harvest fruit drop, 
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to break as well as to prolong dormancy, and to bring 
about other economically important controls of plant 
growth. 
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Introduction 

A CHEMICAL revolution is sweeping 
through the agricultural world. It is 
unrivalled by any of the previous great 
advances in agriculture, aud perhaps by 
most advances in the biological field. 
For the first time, man can change the 
pattern of growth and development of 
plants, can retard growth here or speed 
it there. The growth-controlling hor- 
mones and otlier chemicals now in use 
are but the crude beginnings. 

The present chemical advance in no 
way lessens the importance of the great 
developments of the past. Mechanical 
inventions, such as the steel plow, the 
drill, the combine-harv'ester and the cot- 
ton picker, were great forward steps in 
agricultural progress. Even now, agri- 
cultural machine development is far 
from over, and the applications of new 
machines to problems of production will 
continue to be important. In agricul- 
ture as in industry, mass production — 

1 This report is a brief r^sura^ of a book soon 
to be published under the title “Hormones 
and Horticulture’’ by the McGraw-Hill Book 
Company, Inc. Other authors of the book are 
Elizabeth i^lii^oss Johnson and Buth M. 
Addoms. 


the cultivation of extensive acreage with 
only a few men — is one of the important 
consequences of the machine. 

Abundance of crops has always been 
a necessity for the well-being of any 
nation with an agricultural economy. 
Once the virgin fertility of agricultural 
soils approached exhaustion, the matter 
of artificial fertilizers demanded atten- 
tion. This was a biological and chemical 
problem in the control of plant growth. 
It was discovered lo'iig ago that certain 
elements are essential for the growth of 
all plants (nitrogen, phosphorus, potas- 
sium, calcium, etc.), and that some soils 
are deficient in one or more of these. 
It was also found that traces of certain 
other elements (manganese, boron, zinc, 
etc.) are required for the satisfactory 
growth of many kinds of plants. Such 
discoveries were the very foundation of 
the fertilizer industry and have gone far 
toward making possible the economic 
production of crops in areas that might 
otherwise constitute marginal land. 

Another great advance in agriculture 
has been in the field of plant breeding, 
in which new varieties and strains of 
plants have been produced which are 
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high-yielding, disease-resistant, and in 
many other ways improved for the use 
of man. Hybridization of corn is an 
outstanding example wherein the advan- 
tages of hybrid vigor’’ were made 
available to the average agriculturist. 

The present great advance we iiiter- 
pi*et as a real chemical revolution in 
agricultural practice. The application 
of chemistry to soil fertilization and the 
protection of crops against the ]‘avages 
of insect and fungus pests was highlj" 
important, though hardly revolutionary. 
But with the current efforts to regulate 
growth by the application of minute 
amounts of synthetic growth-controlling 
hormones, we enter an important new 
era. 

A little about the background of theo- 
retical resean'h whi(di led to current de- 
veloj)meiits ; Twenty y(‘ai*s ago a young 
studejit at the University of Utrecht, in 
Holland, Avas working with his famous 
father on a theoretical problem in plant 
physiology. His name was Frits Went, 
and his father, the late F. A. F. C. 
Went, Avas Professor of Botany at 
T'itrecht. One of Went’s goals AA^as to 
find an exi)lanation for the response of 
l)lants to light and to gravity. That 
the above ground parts of plants groAv 
ni)AA"ard aAvay from gravity, and toAvard 
light Avhen it comes from one side, had 
been observ(»d for centuries. Darwin 
had suggested in 1880 that a cl.emical 
substance Avas involved in the response, 
and Boysen J(uisen shoAved in 1910 that 
a chemical substance Avas indeed in- 
volved, a substance which under certain 
conditions stimulated groAvth. Numer- 
ous researchers contributed other imi)or- 
tant information, and by the middle 
1920’s the stage was set for Went’s 
work. His important contribution 
proved to be a method for detecting the 
presence of groAvth-controlling hormones 
and measuring them. Once such an 
assay method was available, it was pos- 
sible to determine the chemical nature 


of plant hormones, the extent of their 
occurrence in living organisms, and, 
most important of all, something of their 
relation to growth. The time was then 
ripe for an advance in man’s under- 
standing of the regulation of plant 
growth by hormones. 

It is interesting to note that a major 
share of the fundamental research on 
plant hormones has been carried out 
with seedling plants of oats. Indeed, 
Weiit’s (piantitative assay method (pub- 
lished ill 1928) is based on the degree 
of response of oat seedlings to the hor- 
mone to be tested. 

It is a long but highly significant ad- 
A’ance from the theoretical researches on 
oats to applied i>roblems such as control 
of flowering, of preharvest drop of fruit 
and the killing of weeds. This advance 
Avould hardly have been possible Avithout 
the chemical Avork of Kbgl, Haagen- 
Smit and Erxleben. In 1934 these 
Avorkers found that indoleacetic acid was 
very acdh-e as a plant hormone. The 
compound had originally been isolated 
in 1885 from normal and pathological 
urines, and first prepared synthetically 
in 1925. But it remained for Kogl ct al. 
to establish its identity as a plant hor- 
mone. Indoleacetic acid was never used 
for practical growth control problems; 
it Avas too difficult and expensiA^e to 
make, Bess expensive compounds Avere 
in the offing. 

Hormones and the Rooting of 
Cuttings 

The discovery in 1935 of several neAv 
synthetic hormones by Zimmerman and 
Wilcoxou, and the success of these com- 
pounds in s})eeding the rooting of cut- 
tings, has made possible significant iieAV 
techniques in plant propagation. Sca’- 
eral commercial preparations are iioav 
aA^ailable and appear under the tirade 
names Ilormodin (Merck & Co.), Quick- 
Root (Dow Chemical Co.), Rootone 
(American Chemical Paint Co.) and 
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StimRoot (Plant Products Co.). Chemi- 
cally speaking, the synthetic hormones 
in these root-indncin{? compounds are 
known as naphthaleneacetic and indole- 
butyric acids (those discovered by Zim- 
merman and Wilcoxon). The hormones 
are miyed in minute amounts with talc 
and sold in powder form; plant cuttings 
to be rooted are merely dipped in the 
powder before being placed in the moist 
sand rooting medium. 



Fig. 1 (Upper). Eootiiig of holly cuttings 
lijistened by hormone treatment. Left, not 
treated; right, treated with hormone powder; 
both pictured after 45 days in rooting medium. 
(Courlesy Boyce Thompson Institute for Plant 
Besearch.) 

Fig. 2 (Lower). Spring bud-growth in pecan 
hastened by hormone treatment after a mild 
winter. Left, twig from imsprayed tree; right, 
twig from tree sprayed four times with a di- 
nitrophenol preparation. Pictures on 

same day. Sprayed trees leafed-out about two 
■W'eeks earlier than the unsprayed. (Courtesy 
C. W. Van "Horny Arizona.) 

The greatest contribution of hormones 
to plant propagation lies in their suc- 
cess in bringing about earlier rooting 
and sturdier root systems in the cuttings 
of a great many species of deciduous 
flowering shrubs and broadleaf ever- 


greens. Hormone treatment also in- 
creases the percentage of rooting in diffi- 
cult-to-root cuttings. (Pig. 1.) 

In some species, rooting has not been 
markedly improved by hormone treat- 
ment; and hormones are of no advan- 
tage, as yet, in the rooting of cuttings 
of plants which are nev^er known to root 
without them. But in plants which are 
slow' or otherwise difiScult to root, or 
give sparse rooting, hormones have been 
siich an advantage that nurserymen as 
well as amateur gardeners now use .thietn 
widely. 

Blossom Thinning Sprays in the 
Control of Fruit Production 
in Apple 

Most apple varieties (c.,r/., AVealthy) 
which are heavy bearers produce their 
crops in alteiuiate years, thus necessi- 
tating a laborious and expensive hand- 
thinning operation in the year of bear- 
ing. Within the past fcAV years chem- 
ical sprays have been discovered which 
will reduce fruit set by killing some of 
the flowers; this accomplishes both fruit 
thinning and more even yearly bearing, 
and at minimum expense. The w'ork is 
still in the experimental stage but prom- 
ises to make an important cemtribution 
to control of crop pioduction. Cherries, 
peaches and other fruits, as well as ap- 
ples, are now the object of investigation 
with bl6ssom-thinning sprays. 

The first tests to determine whether 
api)les could be thinned by spraying the 
buds or flowers, without at the same 
time causing excessive leaf and fruit 
spur injury, were reported by Auchter 
and Roberts in 1935. Si)rays of inor- 
ganic compounds were not effective, but 
cresylic acid and a tar oil distillate 
showed promise. Since that time a num- 
ber of different compounds have been 
tested, and at present Elgetol (sodium 
2,4-dintro-o-eresylate, of 'Standard Agri- 
cultural Chemicals, Inc.), and DN Dry 
Mix Nos. 1 and 2 (40% 2,4-dinitro-o- 
cyclohexyl phenol and 40% 2,4-dinitro- 
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0 -cresol, respectively, of the Dow Chem- 
ical Co.) are most widely used in ex- 
perimental work. The synthetic plant 
hormone, naphthaleneacetic acid, also 
promises to be effective in blossom thin- 
ning. 

Present experiments indicate that 
thinning? is most successful when sprays 
are ai)plied to trees in full bloom. At 
this sta^e the center flower in each clus- 
ter has been pollinated and fruit devel- 
opment initiated. The remaining flow- 
ers in the cluster, those in full bloom 
when sprayed, fail to set fruit. Such 
treatment results in about 20% of the 
flowers setting* fruit. In the apple va- 
riety Wealthy, only 5Vr of the flowers 
must develop into fruits to produce a 
full commercial crop. This means 20 to 
25 fruits i)or 100 blossomiufx spurs, after 
the June drop. 

The most striking? use of thinninjr 
sj)rays is in the control of biennial bear- 
in<^. Heavy bearing* varieties, such as 
Wealthy, Yellow Transparent and 
Golden Delicious, if adequately thinned 
in the “oii’^ year j>'iv(‘ a full (commercial 
cro]) in the succeeding ‘^^ff^’ year. 

The major benefits re])orted from the 
use of tliinninjr sprays on ai)ples are 
(lecrt*ased orcliard costs and <»reater in- 
(*(une from fruit as a result of control 
of biennial bearin<jr; other advantages 
are increased yield of fruit, improve- 
ment in the color of tlie red varieties, 
and better i)est control. 

Tims far, standard treatments have 
not been established for most commer- 
cial varieties of apple; Wealthy is the 
outstanding: exception. However, the 
basic experimental work is well in hand, 
and only trials by the averajife j 2 :rower 
can determine the usefulness of this new 
horticultural tool. 

Control of Preharvest Drop of Fruits 
with Hormone Sprays 

Crop losses as a result of premature 
drop — before the fruit ripens — ^may be 


quite serious for a number of fruits, for 
example, apples, pears, apricots, plums, 
peaches and oranges. The preharvest 
drop of apples may be as g:reat as one- 
fourth to one-half the entire crop, and 
the drop may occur before the fruit has 
matured or developed good color. Un- 
der siKch conditions the grower must 
either risk a heavy fall of fruit or pick 
before the best quality and color are 
attained. (Fig. 8, 4.) 

The fall of fruit and leaves is brought 
about by the separation of a special 
group of cells, the abscission layer, 
which is located where the fruits or 
leaves are attached to the stem. 

That abscission could be delayed by 
spraying with synthetic plant hormones 
was first reported in 1939. Hormone 
treatment (dusts or sprays) is now used 
successfully and on a large scale in pre- 
venting preharv(‘st drop of ai)ples and 
])ears, and fruit ca!i be kept on the trees 
until mature. Thus far the treatment 
has not been extended to other fruits 
with complete success, but holly and a 
few other ornamental evergreens can be 
successfully treated to delay falling of 
leaves and berries for 10 to 14 days after 
cutting. 

Numerous comni(n\*ial hormone i)rep- 
arations for control of preliar vest drop 
of ap])les are now obtainable: Apple- 
lok (Westville Laboratory), App-L-Set 
(Dow Chemical Co.), Fruitone (Amer- 
ican Clumiical Paint Co.), Horniex 
(Jean Mc^Lean (^hemical Co.), Niagara- 
Stik (Niagara H^prayer and Chemical 
Co.), Parmone (E. 1. dii Pont de Ne- 
mours & Co.), Stafast (General Chem- 
ical Co.) and Stop Drop (Sherwin Wil- 
liams Co.) are some of the compounds 
available. Most of these contain the 
potassium salt of naphthaleneacetic acid 
and are effective on such common varie- 
ties as McIntosh, Duchess and Delicious. 
Naphthaleneacetic acid is not so effec- 
tive as 2,4-dichlorophenoxyacetic acid 
for control of preharvest drop in the 
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3 .(Upper), pT0^B,tveBt 4rop of apples from unsprayed tree. 

Eio. 4 (Lower) » ^bl^nee of pre-harvest droj) of apples from tree which received hor- 
mone sprsiy. (bourteep Agr. Lxp, Sta.) 
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Winesap. Much, experimental work re- 
mains to be done, both as to varieties 
and as to kinds of compounds. Dusts 
are easier and less expensive to apply, 
and fully as effective as sprays. 

For large-scale application of hor- 
mones, airplane spraying is proving to 
be satisfactory. (Fig. 5.) 

To be effective, the hormone must be 


of plants. Occasionally, however, fruits 
develop normally without pollination 
and may then be seedless. Since polli- 
nation is dependent upon insects, wind 
and other climatic conditions, and even 
upon manual operations in some plants, 
it is highly desirable to possess a means 
for achieving the effects of pollination 
and subsequent fruit-set simjdy, and at 



Pio. 6. Airplane .application of hormone spray to apple orchard, two minutes per acre. 
{Courtesy Central Aircraft, Inc., Yakima, Wash.) 


applied before the dropping is well un- 
derway. Fruit should not he left on the 
tree so long after spraying that it be- 
comes over-ripe, nor should the amount 
of hormone used be so great that fruit 
is “stuck” so tightlj' that the next 
year’s fruiting spurs are injured during 
picking. 

Hormones as Aids to Fruit Set and to 
Seedless Fruit Production 

Pollination of the flower is essential 
to the formation of fruits of most kinds 


will. This has been accomplished for 
several kinds of plants by the use of 
hormones. 

Ilorinone-induced fruit-set is particu- 
larlj’ important in improving the pro- 
duction of such greenhouse crops as 
tomatoes, where inadequate pollination 
in the winter season often results in 
light yield of fruit. Besides a.ssuring 
fruit set, hormone treatment if correctly 
timed will result in seedless fruit. 

Relatively few fruits are naturally 
seedless (e.p., banana, navel orange. 
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seedless pear and grapefruit, grapes, 
Chinese persimmon), but hormone treat- 
ment may make possible many new 
kinds of artificially induced seedless 
fruits. Experimental work has only 
begun. 

The first record in scientific literature 
of the use of specific hormones to pro- 
duce mature seedless fruit is that of 
Gustafson in 1936. Hewlett later sug- 
gested the use of chemicals to supple- 
ment the normal processes of pollination 
and fertilization in greenhouse tomato 
production. 

To date, naphthaleneacetic acid has 
been th^j^ost w'idely used synthetic hor- 
mone for inducing seedless fruit, but 
Hewlett recommends a mixture of in- 
dolebutyric and naphthoxyacetic acids, 
which has been widely tested by com- 
mercial greenhouses in Ohio the past 
two or three seasons. Thus far, applica- 
tion of hormones in water or emulsion 
sprays, or in aerosols, has proved best. 
The commercial preparations now avail- 
able are Seed-less-Set (Plant Products 
Co.) and Fix (Thompson Horticultural 
Chemical Corp.) ; full directions for use 
accompany the products. 

The time for application depends in 
part upon the effect desired; for seed- 
less fruit in tomato, for example, the 
hormone should be applied before there 
is any danger of pollination (up to the 
time the flowers are completely open) ; 
for insuring fruit set in the greenhouse 
without special attention to seedlessness, 
the spray should be applied after the 
first flower of a cluster opens; second 
and third sprayings should be made at 
intervals of a few days during- the 
blooming of the cluster. Spraying when 
several blossoms of a cluster are open 
gives more uniform sized fruits. 

While the only real success has been 
with tomato, other fruits have been 
made seedless, and fruit set has been 
improved. In holly, a species where two 
plants of opposite sex are ordinarily 


necessary in order to obtain a set of 
fruit, berries may be produced by ap- 
plying hormone sprays to the female 
flowers. 

The main advances in seedless fruit 
production will come when the poma- 
ceous fruits, berries, cherries and plums, 
can be made seedless by hormone sprays 
on a large scale. Before certain fruits 
will be improved, however, it will be 
necessary to dispense with the seed 
coats; in “seedless” watermelons, for 
example, the remaining empty “ shell ” 
of the seed is often as large as the normal 
seed. Seedless cherries and plums will 
be of no advantage unless some w^y is 
also found to prevent the “pit” from 
forming. 

The extent to which hormones will be 
used commercially for assuring fruit set, 
or for seedless fruit production, will 
doubtless depend upon the discovery of 
new methods (and perhaps even new 
hormones) that will a.ssure the results 
desired. 'Ultimately the increased value 
of the crop would have to be such that 
the added expense is worthwhile. 

Hormone Treatment of Seeds 

The idea of treating .seeds with growth 
hormones of various kinds followed in 
the wake of their si;|;cessful use in the 
rooting of cuttings. The procedure has 
been to apply hormones to dormant 
seeds, generally as a dust. 

The objectives have been as follows: 
1) to increase percentage of germina- 
tion ; 2) to increase rate of germination, 
especially of those seeds in which germi- 
nation is normally delayed; 3) to coun- 
teract deleterious effects of fungicides ; 4) 
to accelerate the growth rate of the plant 
and hence advance the date of maturity ; 
5) to increase yield, whether of a root, 
foliage or fruit crop. 

To date, in spite of the excellent ob- 
jectives, the results of se^ treatment 
with hormones are largely negative ; the 
German workers, Amlong and Naun- 
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*dorf, are the only ones reporting wide- 
spread success. There are scattered cases 
where a mixture of hormone and thio- 
urea increased the percentage of ger- 
mination. 

The most promising use of hormone 
treatment of seeds, thus far, is in com- 
bination with fungicides; such treat- 
ments are based on the theory that cer- 
tain fungicides may 8uppre.ss germina- 
tion by inactivating the naturally occur- 
ring hormones in seeds. Even this work 
remains to be demonstrated beyond 
question. The most dramatic objective 
of seed treatment, that of increasing the 
entire subsequent growth and yield of 
plants by applying hormones to the 
see'ds befon* planting, has not yet been 
realized. It appears that the natural 
supply of hormones (and/or vitamins) 
in see<ls is ade<iuate for germination and 
growth, and added amounts are of little 
or no advantage. 

Not only is there scant evidence that 
hormones stimulate seed germination 
and subsequent growth, but there is 
abundant evidence that the synthetic 
hormone, 2.4-dichlorophenoxyacetic acid 
(2-4-1)), will destroy many kinds of 
seeds, even Avhen present in only minute 
amounts. Indeed, sterilization of soil 
on a field scale by treatment with small 
amounts of 2-4-1) is one of the most 
]]romising ne\v methods for weed control. 

Hormones and Miscellaneous Growth 
Phenomena 

Control of time of flowering. This 
objective, if widely realized, would prob- 
ably do more to control the time of pick- 
ing and marketing certain erop.s than 
anything we now know about. It was 
firat shown in 1942 that spraying straw- 
berries MUth the synthetic hormone 
naphthalenes cetic acid would retard 
flowering by three weeks, thus extend- 
ing the picking and marketing season. 
And from Puerto Rico comes the report 
of van Overbeek that fruiting can be 
completely controlled in the Cabezona 


variety of pineapple. This variety ordi- 
narily flowers sparsely, the entire flow- 
ering and fruiting period sometimes ex- 
tending over a period as long as five 
years. However, a simple treatment of 
the growing tip of the plant with naph- 
thaleneacetic acid or 2-4-D in hiinute 
amounts (0.005 to 0.01 per cent, in any 
month in the year) will bring plants 
into flower in about two months ; mature 
fruits may be harvested about five 
months later. Thus the' harvest period 
of Cabezona pineapple may be fully con- 
trolled. What was a disadvantage with 
an otherwise good quality variety was 
turned to an advantage with hormone 
treatment. 

Ripening of fruit. Mitchell and 
Marth have reported lhat bananas, ap- 
ples and pear.s, if picked while green, 
may be ripened by dipping in dilute 
solutions of 2-4-1); fruit so treated will 
ripen five to eight days ahead of the un- 
treated fruit. Tomato did not respond 
to the treatment. 

Hormones and transplanting. Trans- 
planting trees, shrubs, and even herba- 
ceous plants, often results in serious 
wilting and slow recovery, or occasion- 
ally in failure to survive at all. Be- 
cau.se hormones are knovm to promote 
the rooting of cuttings, the idea has 
developed that they may also hasten the 
growth of new roots on transplanted 
plants. If so, they would .stimulate re- 
sumption of normal growth rates and in- 
crease the numbers of individual plants 
which survive transplanting. Experi- 
ments along these lines have thus far 
disclosed no real advantage from hor- 
mone treatment. The best that can now 
be said is that, although there have been 
a few cases of quicker recoverj” after 
transplanting, no permanent improve- 
ment in growth results. 

Weed Control by Hormone 
Preparations 

One of the greatest single problems 
of agriculture is that of weed control. 
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Despite the fact that weed-killing 
chemicals have been known for many 
years, they have been relatively little 
used. Mechanical cultivation, arduous 
and costly, remains today the chief 
method of weed control. However, the 
situation is changing rapidly since the 
discovery that one of the synthetic hor- 
mones (2-4-D) will destroy some plants 
and leave at least a few others relatively 
unharmed. For the first time there is 
promise of revolutionary changes in the 
whole field of chemical control pf weeds. 
(Figs. 6, 7, 8.) 

The substances which have proved 
most useful so far are derivatives of 
phenoxyacetic acid. Unlike most other 
chemical weed-killers, which are usually 
plant poisons and are used in concentra- 
tions of 1 to 10 per cent, these deriva- 
tives of phenoxyacetic acid bring about 
hormone-like growth-stimulating effects 
when applied at concentrations of 0.0001 
to 0.001 per cent; applied in sprays at 
concentrations of 0.1 to 0.2 per cent they 
act as plant killers of a new kind. The 
chemical penetrates the plant rapidly 
and becomes distributed throughout its 
tissues. Leaves and roots wither and 
die, usually in three weeks or less. Ap- 
plications should be made in warm 
weather when plants are growing rap- 
idly, and the killing seems to be more 
effective when treatments are made in 
the early part of the day. Plants grow- 
ing in the shade often are unt^ffected by 
2-4-D treatment, whereas. the same kind 
of plant growing in full sun may be 
killed with one application. 

The best established use of 2-4-D thus 
far is in the control of lawn :weeds. 
Lawns of blue grass or mixed grasses 
are not harmed by 2-4-D, and when 
sprayed with the chemical in a 0.1 per 
cent concentration, common weeds are 
destroyed (broad- and narrow-leaf plan- 
tain, dandelion, chickweed, etc.). The 
chemical should not be used on vege- 
table and flower gardens, for mbst gar- 


den plants are injured or destroyed, * 
just as are the lawn weeds. Numerous 
shrubs are also injured by it, but not 
in the low concentrations which might 
drift in the wind at the time lawns are 
sprayed. 

The agricultural uses of 2-4-D for 
weed control are in their infancy. The 
relative immunity of most kinds of 
grasses to 2-4-D carries over to the 
cereal grasses; wheat, barley, corn, oats, 
rice and sugar cane growers are among 
those who stand the greatest immediate 
chance of be)iefiting, as well as those 
who grow grass for seed. Most of the 
important weed infestations in. these 
crops can be couti’olled with 2-4-D, not 
only without injury to the crop, but 
with resulting increases in yield as a 
result of weed-free, fields, liehabilita- 
tion of pastures weedy from over-graz- 
ing is also a promising use for 2-4-D. 

Power line rights of way present a 
major problem in keeping down weed 
trees and undergrowth, and 2-4-D may 
well provide the answer; roadsides and 
railroad rights of way also present major 
weed control problems. In no case 
should the possibility of injury of field 
crops adjacent to such areas be ovei-- 
looked. 

A further impQta;ant line of investi- 
gation of weed-killing uses for 2-4-D lies 
in its possibilities for soil “steriliza- 
tion”. Preliminary work indicates that 
when applied to bare fields it will destroy 
the seeds of many common weeds, and 
crops can be planted after the harmful 
effects of the 2-4-D are over. Up to now, 
however, this procedure seems to have 
its limitations in regions where there is 
little! rainfall, or where rainfall is 
sharply seasonal. 

For work in the field of health, 2-4-D 
weed killers have great promise. The 
common and giant ragweeds, hayfever- 
causers extraordinary, afe easy prey to 
2-4-D sprays, and applications are lethal 
almost up to the time the ragweed be- 




Fig. 6 {Upper), Wild mustard and grass planted in two pots, the left one sprayed with 
2-4-D on March 18. Fig. 7 {Center), Two days later. Fig. 8 {Lower), Two weeks later. {Cour- 

tesy The Dow Chemical Co,) j 

' ' 
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gins to loose its pollen to the wind. 
Plants which cause skin allergies upon 
touch, such as poison ivy and poison 
sumac, are also killed by 2-4-D, but with 
these plants the chemical is not always 
effective. Because poison ivy frequently 
grows in the shade, it presents a special 
problem; the esters of 2-4-D are more 
effective than the acid in such cases. 

Breaking Dormancy with Chemicals 

This subject is no longer new, nor 
are dormancy-breaking chemicals strictly 
hormones in the presently accepted 
sense of the term. 

It has been known for a long time that 
the buds of many kinds of plants are 
dormant for some weeks or months after 
their period of active growth. Whether 
a bud is an “eye” of the potato or 
the winter bud of the lilac, its growth 
does not continue with equal intensity 
throughout the year, even though tem- 
perature and other factors remain fa- 
vorable. Buds of most deciduous trees, 
for example, are dormant for several 
months in the late summer, autumn and 
winter, after cessation of the spring and 
early summer growth. This rest period 
apparently is brought on by chemical 
changes in the buds, presumably by 
accumulation of chemical substances 
which slow down metabolism and inhibit 
growth. It is only buds which are in 
this dormant state, npt entire plants. 
In nature a few weeks or montjis of cold 
weather usually serve to break the test- 
ing condition of the buds. 

Within the past two decades work has 
been in progress by Denny, Guthrie and 
others, chiefly of the Boyce Thotnpson 
Institute, which shows that ethylene 
chlorohydrin (and a few other chemi- 
cals) can act as chemical substitutes for 
cold in the breaking of dormancy. Their 
work has bfeen on potatoes, gladiolus 
corms and a number of ornametal shrubs 
and trees. With their methods the 
period of dormancy can be shortened by 


one to three months as a result of eth- 
ylene chlorohydrin treatments (azalea, 
three weeks ; deutzia, six weeks ; flower- 
ing crabappl^, eight weeks; hawthorn, 
four weeks ;%eigela, five weeks, etc.). 
Freshly harvested potatoes treated with 
ethylene chlorohydrin will sprout about 
two months before untreated potatoes, 
and certain varieties of gladiolus gain 
one to many montlis by treatment. 

The chief opportunity for large-scale 
use of methods for breaking dormancy 
in trees is in mild climates where in 
many winters there is insufficient cold 
weather to assure the natural breaking 
of dormancy, e.g., peach orchards in 
Georgia and California. The greatest 
success to date in hastening the break- 
ing of dormancy in orchards has come 
not from the use of hormones or of 
ethylene chlorohydrin, but from the 
use of dinitrophenol and dinitrocresol 
sprays. Applied in oil (dormant 
sprays)^ they shorten the rest period in 
apples, apricots, cherries, peaches, pears 
and pecans by at least one to two weeks. 

(Fig. 2.) 

Prolonging or Inducing Dormancy by 
Hormone Treatment 

The work on extending the period 
of dormancy in plants has thus far 
been directed chiefly toward preventing 
sprouting of potatoes in storage, pre- 
vention' of frost damage to fruit and 
other trees by holding back bud growth 
until danger of frost is past, and pre- 
vention of sprouting of nursery stock 
while in storage. 

The .basic work on prolonging dor- 
mancy in potatoes has been carried out, 
for fee most part, by Guthrie and 
Denny at the Boyce Thompson Insti- 
tute. Their work shows that treatment 
of potatoes with the methyl ester of 
naphthaleneacetic acid a^ feey go into 
storage will prevent the sprouting which 
ordinarily starts after a few months. 
So successful is the treatment in extend- 
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ing dormancy that such potatoes should 
not be used for seed. 

Hormone treatment of fruit trees, 
tung trees, etc,, in order to delay bloom- 
ing is still in the experimental stage, 
but the prospects are good. A delay of 
a week or two in the flowering of such 
trees would often prevent great loss by 
frost damage. It might also make pos- 
sible the extension of the ])icking and 
marketing season. 

Hormones have also been used success- 
fully to prevent the sprouting of nur- 
sery stock of roses while in storage. 
The methjd ester of naphthaleneacetic 
acid holds back bud growth in roses, 
just as it does in potatoes. It may be 
applied as a vapor or in a wax-emulsion 
spray. There are indications that simi- 
lar treatments may prove ecpially valu- 
able with other kinds of nursery stock. 

Chemical Production of New 
Varieties of Plants 

Colchicine can hardly be considered a 
j)lant hormone, yet it exercises an effect 
on nuclear division which makes it a 
sf)ecial chemical of considerable impor- 


tance. Indeed, because of it the tradi- 
tional methods of cross-pollinating, and 
of discovering bud sports, are no longer 
the only important means of getting 
new varieties of plants. »It is now pos- 
sible to produce new ty])es by colchicine 
treatment of seeds, seedlings or growing 
branch tips of older plants. The pro- 
portion of useful new kinds of plants to 
the total treated is not high, but an 
occasional new form may more than 
justify much apparently fruitless work. 

Colchicine treatment, when effective, 
results in a doubling of chromosomes, 
and the resulting polyploid plants fre- 
quently possess size, growth vigor or 
other qualities more desirable than that 
of the plants from which they are de- 
rived. It has also been possible to ren- 
der sterile hybrids fertile by colchicine 
treatment, thus making available new 
types of plants for ordinary breeding 
work. One large seed company has in- 
troduced a new variety of marigold, and 
more recently of snapdragon, as a result 
of its colchicine work; and in all, well 
over 50 (dearly new i)olyploids have been 
produced by researchers in this field. 
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Buckwheat, Rutin and Hypertension. 

The discovery in 1860 that buckwheat is a 
source of th(^ fiavonol glucoside, rutin, ac- 
quired significance in 1944 when it was found 
that rutin is effective in the tn^atnient of 
increased capillary fragility associated with 
hypertension in man. The resultant wide- 
sprciad and increased demand for the drug 
led to an investigation by scientists of the 
Kast(»rn Regional Laboratory in Philadelphia, 
U. S. Department of Agriculture, for pos- 
sible sources of this drug which, according 
to preliminary reports, has been efficaceous 
in certain cases of retinal hemorrhage and 
apoplexy. Of all the species examined, 
buckwheat so far is the most promising 
source of the drug. The rutin for the first 
clinical experiments was prepared by them 
from flue-cured tobacco. The glucoside has 


been obtained from leaves, blossoms and 
stems of buckwheat, and a yield as high as 
8.56% was rej)orted, considering the whole 
l^lant exclusive of roots. It was calculated 
that an acre of buckwheat in 26 days from 
planting would produce 14.2 pounds of rutin, 
and 50.25 pounds, or approximately 3.5 times 
as much, in 40 daj’s. (J. F, Couch ^ J. Nagh- 
ski and C, F, Kmeson, Science J03: 197, 
February In, 1916). 

Ragweed. Ambrosia ynonophylla (Walt.) 
Rydb. (A, panicuhUa Michx.) is cultivated 
in country gardens in the Dominican Re- 
public and is “used for poultices in the treat- 
ment of various pains and ills^’. It is sold 
for this purpose in the market places of the 
capitol city, Trujillo. ( Jf. A, Allard d' Jl, F, 
Allard, Science 101: 129, 1916), 
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An American industry which in the last pre-War 
year did a total retail business of $140,000,000 and has 
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forests in the Yucatan Peninsula without much con- 
cern for perpetuating the supply. 
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Introduction 

Man’s propensity to chew — just chew 
— ^has resulted in a distinctive subdivi- 
sion of economic botany, the chicle 
plants, and has produced a distinctive 
business activity, the chicle industry. 
The word “chicle” is a relatively recent 
addition to our language, and is not in- 
cluded, for example, in American dic- 
tionaries on hand, dated 1885 and 1914. 
Chicle is now defined as the gum ob- 
tained from the latex of Achras Zapota 
L., used as the chief ingredient of chew- 
ing-gum, and any of several other gums 
derived from trees of the families Mor- 
aceae and Apocynaceae (Webster’s New 
Int. Diet., 2 ed., 1944). For our pur- 
poses we can consider ehjcle as the co- 
agulated latex of Achrafi Zapota and of 
any other tree used as a basis for chew- 
ing-gum, or its synthetic substitute. 

For purposes of orientation, we shall 
briefiy consider chicle as a product ftom 

1 The author wishes to acknowledge the ap- 
preciated assistance of R. L. Wilson (Director 
of Research, Wm. Wrigley Jr. Co.) and B. K. 
Phelan (Asst. Research Director, Beoch-Nut 
Packing Co.) who cheeked the manuscript for 
factual errors, and who offered valuable sugges- 
tions. The opinions expressed in this paper, 
however, are solely those of the author, and do 
not necessarily represent those of the industry, 
or of this journal. 

The author also wishes to be recorded as not 
favoring the policy of this periodical in capital- 
izing the first letter of certain specific scientific 
names. 


plants, chicle a,s a masticatory for man. 
Central American chicle as a basis for 
an industry, anti some current trends in 
American industrial research concerning 
chicle. This orientation is followed by a 
conspectus of the i)ast chicle research 
carried out by private organizations, 
government and industry, comprising 
data offered as a historical record of 
these earliest phases of investigative ac- 
tivity. The paper concludes with an 
evaluation of future research, pointing 
out the fields Avhere investigative work 
might ])rove advantageous. In all these, 
discussions, it is my purjiose to present 
the chicle problem as a facet of economic 
botan,y, in the perspective of its role in 
human activity and in American indus- 
try. The economic importance of re- 
search will be given special emphasis. 
It is not the plan of this article to pre- 
sent the botanical details of chicle in- 
vestigations. 

Chicle as a Product from Plants 

There are various ways of grouping 
and relating the products obtained from 
plants. Each has its own merits. We 
may classify such products by their 
chemical constitution (fats, carbohy- 
drates), by their physico-chemical or- 
ganization (solutions, emulsions), by the 
tissues from which the/ are derived 
(xylem, resin canals, latex tubes), by 
the phytophysiologic processes concerned 
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(bleeding, guttation), by a laboratory 
process (solution from tissue by sol- 
vents), and by other means. For cer- 
tain purposes in economic botany, it is 
well to refer all those substances which 
are discharged through small pores and 
openings, and w^hich accumulate on the 
external surfaces, of plants, as exu- 
dates Strictly speaking, exudates ac- 
(uimiilate naturally through normal 
physiologic processes or by normal ac- 
cidents (bark injury). That such exu- 
dation may be greatly amplified by man 
(turpentine and rubber tapping) does 
not change the nature of the exudate. 
Likewise, we can still speak of “exu- 
dates’" if tliey are obtained by macera- 
tion of i)lant tissues and extraction by 
solvents. 

Five major kinds of exudate may be 
recognized: (a) Lhiuid water, exuded 
by guttation from hydathodes, which 
are leaf ])()r(\s in close j)roximity to the 
ends of xyleiu vessels, or exuded by 
secretion from special glands not asso- 
ciated with xylem vessels, (b) Saps, 
exuded by bleeding from broken stems 
and branches, especially in spring in 
temperate regions. They are usually 
derived from xylem tissue, sometimes 
from phloem, and contain carbohydrates 
and various other substances. The 
maple sugar industry in northeastern 
Ihiited States is based on this phenome- 
non. (c) Gums (not including chewing- 
gum), exuded from stems, branches and 
fruits. They are amorphous complex 
carbohydrates wdiich are soluble or 
which soften in wRter but not in alcohol. 
The best known are gum arabic from 
Acacia and Prosopis, gum tragacanth 
from Astrcunalus, and cherry tree gum 
from Prnnus and Cerasus. They are 
used in medicine, confectionery and ad- 
hesives. (d) Resins, exuded from stems, 
branches and fruits, and often from spe- 
cial resin canals. They are non-crystal- 
line compounds, frequently oxidation 
products of essential oils, which are 


soluble in alcohol but not in water. The 
best knowm are African copals, Asiatic 
damars, New Zealand kauri resin, fossil 
amber, crude turpentine, Canada balsam 
and frankincense. The insect-derived 
lacquers and shellacs are chemically re- 
lated and usually included among resins. 
Resins are used in varnishes, cements, 
medicine, incense and naval stores. At 
times, natural exudates include mixtures 
of both gums and resins, .known as gum- 
resins, examples of which are asafoetida 
and myrrh, (f ) Latic'cs, exuded from 
broken surfaces of all parts of the plant 
body. They are complex milky emulsions 
of granules of various substances sus- 
pended in a W’atery medium in which 
numerous other substapees are also dis- 
solved. The granules include resins, 
oils, proteids and starch grains. Latex 
is secreted in special laticiferous tissue, 
usually in the ])hloem. This tissue may 
be composed either of branching coeno- 
(*ytes, which elongat(* with gi’ow’th of the 
plant but do not anastomose, or of an- 
astomosing vessels, formed from the 
breakdown of the separating walls of 
individual cells. The families knowm to 
bear latex include Apocynaceae, Ascle- 
piadaceae, Campanulaceae, Compositae, 
Euphorbiaceae, Moraceae, Pa])averaceae 
and Sapotaceae. The best known com- 
mercial products from latices are rub- 
ber, adhesives, insulating materials, 
chewing-gums and opium. We are now’ 
concerned only with the chewing-gums, 
obtained originally from the Sapotaceae, 
but now’ also from plants of other fam- 
ilies, especially the Apocynaceae. Chicle 
is thus the intermediate commercial 
product, a stage between the liquid latex 
of the living tree and the manufactured 
chewing-gum. 

Chicle as a Masticatory for Man 

There are various w’ays of grouping 
and relating plant products used by 
man for liis owui specific; })urposes. One 
such group of miscellaneous substances 
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is known as “raastieatories”. A masti- 
catory (Fr. masticatoire ; Span. & Ital. 
masticatorio ; Germ. & Dutch Kdumittel) 
is often defined as “any substance that 
is chewed to increase the secretion of 
saliva”. The role of salivary secretion, 
however, is quite incidental to the act of 
chewing, and the word might better be 
defined as “any substance or substances 
chewed, without intent of ingestion”. 
Narcotic, gustatory, cosmetic, nutritional 
or other effects may occur concomitantly. 



Pig. 1. Area on the Yucatan Peninsula 
covered by the sapodilla forest (after Lundell). 


The study of masticatories, as a field of 
human knowledge, is still unorganized. 
A survey of the leading American and 
European encyclopaedias showed that in 
no case has a separate article been writ- 
ten on the subject, that the word is gen- 
erally not indexed, and that at the most 
only a dictionary definition is included. 

The masticatory process, other than 
that associated with the purposeful 
chewing of food, is to be allied to vari- 
ous other rgndom and irrelevant move- 


ments of man and woman. Such undi- 
rected automatisms include incessant 
and repetitive talking, doodling in all 
its ingenious manifestations, nail-biting, 
whittling, foot swinging, fiddling with 
objects, and the host of other activities 
that we frequently attribute to “ner- 
vou.sness” and “tension”. An under- 
standing of such movements lies in the 
realm of the psychologist, and the rela- 
tively limited research in that field will 
be mentioned later in this paper. From 
the cosmopolitanism of the chewing 
habit, it would appear that such “jaw- 
ing” and “chawing” is an inherent ac- 
tivity of Homo. The action expresses 
itself in the primitive oborigine chewing 
an unknown exudate from a jungle tree, 
as well as in the tailored attorney offer- 
ing “cocktail chewing-gum” to the deb- 
utante of today. Likewise, it expresses 
itself in the nipple-sucking nursling, 
through the days of osculation, on into 
the denture-doodling octogenarian. 

Masticatory substances include a vast 
variety of plant materials, in many 
countries and among many races. The 
substances used are of infinite number, 
varying from raw gums, resins and 
latices to the finished products of mod- 
ern industry. In the, course of cultural 
development, certain, inasticatories have 
attained widespread regional use. Thus, 
in the Near East, one tenth of the entire 
human race indulges in betel chewing. 
In this bright and relatively modern 
practice, one chews a homemade package 
of betel nut slices {Areca Catechu L., a 
palm), a pellet of lime and some aro- 
matic or spicy substance, all wrapped 
in a betel leaf {Piper Betle L., pepper 
vine). The lime appears to increase the 
solubility of certain alkaloids in the mit 
and thus the physiologic effect of the 
mixture. The resulting copious fiow of 
saliva is brick red in color, dyeing the 
mouth, lips and gums. The habit even- 
tually turnathe teeth black. Pedestrian 
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expectoration leaves red spots on the 
streets, certainly a more colorful result 
than the drab gum blotches on our own 
sidewalks and subway platforms. 

In western South America the chew- 
ing of coca {Erythroxylon Coca Lam.) 
is the custom among at least eight mil- 
lion people. In this habit the leaves are 
chewed together with a small quantity 
of lime. Coca leaves contain an appre- 
ciable (piantity of cocaine, and the re- 
sulting narcotic effects are intimately 
linked with this masticatory habit. 

In North America the chewing of 
tobacco was originally an Indian custom. 
It received a temporary vogue of ques- 
tionable elegance in the last century, 
and then experienced a short revival dur- 
ing the cigarette shortage of World War 
II. 

In the spruce-fir regions of the North, 
resinous exudates of the conifers are 
used loeallj*. Thus, “balsam gum” 
(Abies balsamea (L.) Mill.) is known 
in Ameri<!a, Kauharz in Germany, and 
similar products in Scandinavia and 
Russia. 

From C^entral America comes the 
original chicle, a tasteless, highly cohe- 
sive, non-nareotic, non-nutritional. coag- 
ulated latex, which appears to satisfy 
in man nothing but his psychologic urge 
to chew. The original chicle came from 
a tree known variously as zapote, chieo- 
zapote, nispero, sapodilla, et al. Botan- 
ieally the tree has been known as Achras 
Zapofa, It is still known by that name 
in the trade, although the binomial has 
been changed and other species have 
been split from it. Adulterants and 
substitutes have been \ised, not only 
from Central America, but from South 
America, Africa and the Orient, often 
unrelated botanically to the original 
Achras. The term “chicle” is thus used 
in both narrow and broad senses. The 
raw latex is coagulated, processed, com- 
bined with other substances, flavored and 
sweetened, and the flnished product is 


marketed as “chewing-gum.” Our in- 
terest in chicle, therefore, is that it is 
the chief constituent of chewing-gum. 
basis of an American-born industry and 
an Ame/ican product, and the use of 
which was spreading into other countries 
even before the recent War greatly ac- 
(fclerated that spread. 

Central American Chicle as a Basis 
for an Industry 

The chicle demands for chewing-gum 
production have built up, within the 
past half century, a huge industry 
which in the last pre-War year did a 
total retail business of $140,000,000. At 
five cents a pack, this figure impres- 
sively expre.sses the more refined chew- 
ing propensities of the human race. 
The chicle industry is curious and inter- 
esting in many ways. It is an exploita- 
tion industry, “mining” the existing 
material resouretps, under circumstances 
where renewal by further growth is 
negligible or entirely non-existent. Pro- 
duction is continued largely by discovery 
of new virgin areas and of new sources. 
As such, the latex industry has no bright 
future, if any at all, although the in- 
evitable end to the draining-of-the- 
bueket may be ix)stponed by sundry 
“conservation” measures. We shall 
sketch certain phases of this industry 
under five headings: (a) the geograi)hic 
aspects; (b) the forest and the tree; (c) 
the latex; (d) the chielero; and (c) the 
administrative organization. 

The Geographic Aspects. The chicle 
industry is i)riinarily American in its 
finances and administration, but pan- 
tropical in its field activities. The 
sources of gum have been, and are, rela- 
tively numerous.. Jelntong (Dycra, 
Apocynaceae) comes from the East In- 
dies and Malaysia. Sorva (Couma, 
Apocynaceae) and balata, pendare and 
massarauduba (Mimusops, Sapotaceae) 
come from Brazil, the Guianas, Vene- 
zuela and Colombia (Vander Laan, 
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1927). Ficua (Moraceae) from Africa 
may soon become a significant source. 
Chilte {Jatropha, Euphorbiaceae) is 
from Mexico at middle latitudes. The 
original chicle, however, is frdm a rela- 
tively restricted area on the Yucatan 
peninsula of Central America, compris- 
ing parts of Mexico, Guatemala and 
British Honduras. In each general area 


American gums (Overley & Griflftth, 
1946). A small amount of jelutong was 
imported in 1946 but only from pre-War 
supplies that had been stored under 
water to prevent oxidation and spoilage. 

The relatively small Yucatecan area 
in Central America has been — in the 
history of the industry — the chief and 
most reliable source of chicle. This 



Fig. 2. (Left). The effect of mule “grazing” in northern British, Honduras. Because of 
the absence of suitable grasslands for forage, the chieletb, or latex eoUeetbt, feeds his animals on 
the leaves of the ramon tree which he either cuts down hr cliinbs to lop off the branches. The tall 
tree at the left center has been pruned for this purpose; the tree at the right center has not yet 
been shorn. 

Fig. 3. (Bight). A forest of eohune palm (Orbignya Cohvne (Mart.) Dahlgren) on deep and 
fertile soil. Such sites in northern British Honduras are most- suitable for agriculture and for 
forest plantations. The nuts of the eohune palm yield an oil, similar to that of the coconut, which 
is becoming of increasing importance. 


there are various substitutes and adulter- 
ants. Pre-War imports of jelutong into 
the United States exceeded those of 
chicle for the years 1937-1941. The War 
entirely eliminated the supply from the 
Far East, and manufacturers made up 
the deficit by increasing the purchases 
of true chicle and by utilizing the South 


publication is concerned specifically with 
that Central American region and treats 
only incidentally of the industry in 
other regions. Geologically, the Yuca- 
tecan area is a limestone plateau, seldom 
more than 200 meters (650 feet) above 
sea level. It is essentially flat. Streams 
and lakes are scarce, although in the 
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rainy season swamps may predominate 
over vast areas. 

Climatically, the ref?ion is character- 
ized by a dry season extendinj*' from 
February to dune, with a total annual 
rainfall {Trading from 40 inches in the 
north to over 100 inches in the southern 
part of the chicle forests. Archaeologi- 
cally, the entire area was one of the last 
outposts of the highly developed Mayan 
Empire, with cities containing over 

300.000 inhabitants and a total peninsu- 
lar population of possibly three million 
j)eople. The Empire was already deca- 
dent wh(*n the Spaniards entered, for 
n*a.sous still unknown. Ethnographi- 
cal ly, the area today contains only 

10.000 inhabitanfs, chiefly Indian though 
variously diluted with many other 
breeds of traveler. Health conditions 
are not favorable. Dysentery is omni- 
l)resent, and malaria incidence in the 
area has been the heavie.st in all of (Vn- 
tral America. Old people are not to be 
seen. 

The Forest and the Tree. In Mayan 
times, it would appear, the entire penin- 
sula Avas cleared and under agricultural 
use. The more or less continuous jungle 
of today is thus a “young” forest, with 
what in this country would be called an 
“old-field” background. 1 personally 
find it impossible to accede to the 
opinion that the pre.sent forest owes 
many characteristics tq this Mayan aban- 
donment, and that the chicle tree is un- 
usually long-lived, Avith many indiAud- 
uals dating back to Mayan times, “being 
at least a thousand years old.” In my 
oAvn opinion the Yucatecan jungle is a 
mosaic of communities, each represent- 
ing some degree of development folloAv- 
ing a hurricane, or more rarely a fire. 
This jungle today is composed of over 
100 kinds of forest tree. The trees are 
distributed AA'ith such irregularity, in 
terms of small quadrats, acres and 
square miles, that statisticians interested 
in describing populations in terms of 


“random” and “contagious” distribu- 
tions would benefit by their study. The 
understory is dense, but not impene- 
trable, composed mainly of young trees. 
Trails are necessary for mule travel. 
Palms are frequent. The major forest 
canopy is 75 feet tall or less. Lianas 
are common, b\jt by no means do they 
ape the Hollywood jungle of Tarzan 
fame. Above this general canopy rise 
the two jungle giants, mahogany and 
sapodilla, distributed sparsely, seldom 
more than a dozen to an acre. 

The sapodilla tree plays a role in the 
forest to a great extent still unknown. 
In my ot)inion it gets a start in openings, 
A\'indthroAvs and wherever else there is 
light. If overshadowed while still 
young, the tree can j)ersist, growing 
slowly, dying back, becoming covered 
with epiphytic mosses, perhaps lasting 
through half a century. When it does 
reach the upper canopy, it develops to 
its full height, sometimes over 100 feet. 
Avith diameters of three and four feet. 
I have never seen a large tree that ap- 
peared to have died naturally other 
than by windfall. With those dead from 
chicle tapping, the spot is taken over by 
any of a hundred odd species ; most 
rarely is Achras one of these si)ecies. 

Achras Zopola is well knoAvn to tropi- 
cal agriculturists of both hemispheres, 
not for its latex or its timber, but for 
its fruit. The tree when planted in the 
open becomes highly branched and pro- 
duces A-ery little latex, but provides an 
abundance of thin-skinned fruits that 
are highly relished among natiA’e popu- 
lations. 

The Latex. Latex occui's in a system 
of laticiferous vessels in the bark of the 
tree. The function of latex in the physi- 
ology of the tree is not yet satisfactorily 
understood. It probably serves numer- 
ous roles, acting as a vehicle for trans- 
portation, as a storage for excretory 
materials and as a protective covering 
on AA’ounds. The latex exists under pres- 
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sure within the vessels, this pressure tests various trees by whacking at the 
varying with the season, th^ time of day, base until a suitable yielder is found, 
the general site conditions and the in- Then he starts “tapping” the tree by 
dividual tree. Once the latex is artifi- making a diagonal incision into the bark, 
eially drained from the vessels, they almost always into the wood ! A second 
remain dry and do not secrete new latex, diagonal is started about 12 inches from 
It is only after five or more years, when the bottom of the first and at right 



Pig. 4. {Left), A chiclero tappii^g a sapodilla tree. Note the chicle bag near the base of 
the tree, into which the latex tricking from one groove to another collects. {Courtesy of Wm. 
Wrigley^ Jr. Co.) 

Fig. 5. (Bight). A chiclero tapping a sapodilla tree. Note the scars of the first tapping on 
the upper part of the trunk. The incisions are made by means of a machete. (Courtesy of Wm. 
Wrigley, Jr. Co.) 

new phloem has developed with new angles to it; then a third such diagonal, 

latex tubes, that a sufficient quantity of Next he climbs tlie tree, using rope and 

latex is present for retapping. spurs, making a series of such incisions 

The chiclero, or latex-gatherer, using up to the first branches. The diagonals 

a machete (a typical Latin- American extend around the trunk, sometimes 

cutlass, with a blade over two feet long) meeting in back, thus ringing and kill- 
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iiig the tree. In any event, the injury 
is serious. Triangles of bark die back; 
often entire panels between diagonals 
die. The average tapping-age of a tree 
is 2.5 tappings or less, with tappings at 
least five years apart. 

On cutting, the latex runs down the 
central zigzag line. This latex is a 
.smooth milky-white liquid without no- 
ticeable inclu.sions or foreign bodies. It 
is of varying consistency, depending 
upon the sea.son, usually thin enough to 
run fi’eely. When .some is placed on 
the palm of the hand, it can be rubbed 
up into a small ball, through absorption 
of the moisture into the hand. This 
balling is often of value for testing the 
suitability for chicle of unknown latices. 
A certain amount of the latex remains 
in the cut, where it dries and stiffens, 
and from which it can be peeled off in 
narrow white strips. Such congealed 
latex is a tasteless masticatory and was 
undoubtedly used as such by the original 
lnclian.s, although there is no indication 
that such chewing ever became the slav- 
ish habit that has since fixed itself upon 
the more advanced civilizations. 

In present tapping procedures, the 
latex is collected in a rubber bag on the 
ground at the bottom. Each tree yields 
from one to two pounds of liquid latex. 
These bags are collected later in the day 
and brought to the main eamj). They 
are then emptied into large kettles, some- 
times mixed with certain amounts of 
water, placed over a slow fire and con- 
stantly stirred. When the coagulation 
and cooking has sufficiently thickened 
the latex, it is poured into wooden molds 
and allowed to cool and harden. The 
remaining moisture content is an impor- 
tant factor in the price received for 
these chicle blocks. The blocks are 
wrapped in canvas and then await trans- 
portation. 

In days of mule travel chicle was 
brought in the dry season over long and 
winding trails which would take two 


weeks for distances now covered in one- 
half hour by air. Two decades ago a 
road was opened west from the British 
Honduras border and used by Mack 
trucks. This temperate-region tech- 
nique, however, was very expensive, 
usable for only six weeks out of the year, 
and was soon abandoned. In Mexico 
a kind of railroad was used at one place. 
Tlie airplane, however, solved problems 
with relatively small initial expense. 
Today, airfields are scattered over much 
of the penin.sula, putting practically all 
the chicle areas within one mule-day of 
a plane. Plane service today is very 
efficient. In 1942, however, the author 
wobbled over part of Campeche in an 
open-cockpit plane with a passenger 
cabin limited to four by the American 
manufacturer. Said cabin, however, 
with seats removed, contained a complete 
layer of sacks of corn, plus eight men, 
plus sundry fowls nestled in the inter- 
.stices. Today almost all chicle is flown 
to the ports, of which Puerto Barrios 
serves for Guatemala. From the ports 
the chicle is shipped to the States for 
manufacture. 

In the manufactories, the chicle is first 
dried, then melted and centrifuged be- 
fore further use. This centrifuging 
frees the chicle from bark, leaves, stems, 
sand and other extraneous material with 
which it might have become contami- 
nated. A base, or insoluble cud, of 
chewing-gum is then formed from 
0-40% of true chicle, with the balance 
composed of jelutong, sorva, pendare, 
perillo, massaranduba, as well as various 
synthetic resins and elastomers. The 
insoluble centrifuged base is combined 
with powdered sugar, corn syrup and 
flavor, in 100-200-gallon double-bladed 
mixers, and then removed to a kneader. 
The kneader extrudes a thick sheet of 
gum into a train of reducing rolls called 
a “sheeting machine”. After sheeting 
to requisite thickness, the chewing-gum 
is next put through scoring rolls which 
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mark the sheet into the regular sized 
sticks. At the wrapping machine the 
scored sheets are broken into single 
sticks which arc wrapped in the machine 
at the rate of 160 five-stick packages a 
minute. These are then boxed and cased 
for shipment. The finished chewing- 
gum contains about 20% by weight of 
the' insoluble base, 60% of sugar, 19% 
of corn syrup, and 1% of flavor. 

The Chiclero. Tlui chicle-gatherer, or 
chiclero, is the most colorful figure in 
the chicle industry. This individual is 
drawn either from the scattered Indian 
settlements in the interior, or from the 
coastal cities. Ilis employment is sea- 
sonal, lasting only through the rainy 
June-February period. During this 
time he makes more money than he 
otherwise would all year. Like any 
other human being, the chiclero spends 
freely and liberally while off work, and 
is only too glad when the next rainy 
season comes around. 

In many cases the chicleros and their 
families now stay at permanent settle- 
ments in the interior, living casually 
through the dry season. C^armelita is 
such a settlement, having developed 
almost entirely since construction of the 
airport there. These settlements are col- 
lections of “bush huts’’, dwellings with 
pole sides so widely spaced that windows 
are quite unn(‘(*essary, dirt floors, and 
thatched roofs of palm leaves tiiat are 
geometricallv attractive from the inside. 
Kitchens are usually in a lean-to, or a 
separate structure, and cooking is done 
over an open fire on a table ])acked with 
earth. Latrines are unknown. What 
would be their contents serve immedi- 
ately as food for chickens, pigs and 


dogs, thus completing the food cycle far 
more directly than with the Chinese 
farmer who fills a latrine to fertilize his 
garden, to grow his crops, to feed his 
chickens, to feed himself. The water 
supply is not up to modern standards. 
It is generally a water hole at the center 
of a large shallow depression in the 
regional heavy clay soil. At one settle- 
ment, the water hole had been fenced in, 
perhaps originally for purposes of sani- 
tation. Actually, cattle we^re enclosed 
within to utilize the lush grass, and a 
trail beside the enclosing fence served 
as a town-latrine, nighthawk-nest style. 
The trail, however, was always cleaned 
once a year during the rainy season, hy 
surface wash towards the water hole. 
Lest these ideas of sanitation sound ex- 
travagant, it may be said that the author 
has seen numerous com])arable instances 
in the tropics of both hemispheres, and 
that 50 years ago, some of the best pri- 
vate homes in crowded downtown New 
York were only in the latrine stage, for 
which the backyard chiefly served. In 
recognition of these unsanitary condi- 
tions, I am told that during the manu- 
facturing processes the gums are washed 
thoroughly, and sterilized at high tem- 
peratures with a resulting bacterial 
count well within legal requirements. 

During the chicle collecting season, 
the chicleros live in temporary settle- 
ments in the jungle, under conditions 
relatively more crude. Kains are fre- 
quent, though not incessant ; atm()s]>heric 
humidity extremely high; mud is every- 
where, indoors and out; fungous skin 
diseases are rampant ; and water holes 
are sullied by the mules. 

Mule feed in the chicle forests has 


Fig. 6 . (Upper left). Tapping cuts carefully made, apparently witliout injury but actually 
resulting in partial death of the underlying cambiuni. 

jPiG. 7. (Upper right). The bark below the leftdiand cut in Fig. 6 has here been removed, re- 
vealing a dark area of dead cambium, about 6x2 inches. 

Fig. 8. (Lower left). Trunk showing extensive vertical ta]>])ing injury, healed over but en- 
closing considerable decay. 

Fig. 9. (Lower right), A twice-tapped tree showing a minimum amount of bark injury. 
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become a critical problem. Natural 
grasslands in this area are unknown, 
and there is no herbaceous undergrowth 
in the jungle suitable for forage. On air 
strips and village streets a turf of palat- 
able Bermuda grass {Cynodon d^etylcm 
(L.) Pers.) may come into existence. 
Elsewhere “potreros” may be planted 
of Panicum spp., which soon devtdop 
into a dense and relatively stable grass- 
land. frequently, corn has to be flown 
in to suj)ply the necessary feed. Most 
commonly, however, while at temporary 
eamj)s the mules subsist on the foliage 
of the ramdn tree (Broshnum alicasfrum 
Swartz). This tree has been reasonably 
common and is one of the largest jungle 
trees. The ehiclero generally climbs the 
trunk, lopping off all branches up to 
s(‘veral inches in diameter. After such 
pruning a tree may be reduced to some- 
thing resembling a telegraph i)ole, per- 
haps with one or two stubby branches. 
The tree apparently sends out new shoots 
which will again be lopped on attaining 
suitable size. Basal sprouts are un- 
known. Dead I'amons in the A'icinity of 
camps, however, indicate that the treat- 
ment is too drastic for indefinite sur- 
vival. Smaller trees up to six inches in 
diameter are generally ehoy)ped down 
entire, with blissful disregard for the 
future supply. At the present time the 
supply of ramon feed is drastically re- 
duced, even though it would be a rela- 
tiA'ely simple matter of cooperarion to 
develop an orchard of pollarded trees 


that would produce a suitable crop each 
year. 

The diet of the ehiclero is extremely 
restricted, and probably this situation 
accounts for much of his poor health. 
Tortillas (corn-flour pancakes), coffee, 
and red beans arc his staples, eaten 
three times a day. Rice and w'heat-flour 
biscuits are often cooked. He is gen- 
erally strongly averse to all other fruits 
and vegetables. Mangos, bananas, pa- 
payas, coconuts, breadfruit and garden 
crops are relatively unknown. Canned 
meat is a delicacy, although wild forest 
game (parrot, boar, pheasant) is liked, 
as Avell as the occasional home-fed 
chicken and pig. AVhile in the forest, 
game not immediately eaten is often tem- 
])orarily preserved* by barbecuing. In 
this process the animal is prepared, im- 
paled and su.spended over a slow fire 
AA'herc cooking and drying extend OA’er 
several days. In due time the carcass 
acquire., the hue, consistency and tender- 
ness of an Egyptian mummy, and may 
be kept thus for A'arying i)eriods, de- 
pending upon the moisture content of 
the atmo.sphere. 

The chi(dero’s idea of agricnltui*e at 
his year-round home is one of the most 
pi’iniitiv’e of the tropics. A section of 
forest is cut one year and burned the 
next. A new “milpa” (corn field) may 
be littered with huge unburned logs, 
deep holes left from the burning out of 
stum])s, temi)orarily sterile spots deep 
in ashes, and lush weed sprouts, all 


Fig. 10. [Upper left). Narrow-gmij?e tracks for transportation of chicle latex from La 
to 8an Dimas. The ^ ^ train consisted of a niule-pulled flat-car, and served a region of Campecito 
now largely depleted of chicle. 

Fig. 11. (Upper right). Tapping injury in volvmg the death of three consecutive panels of 
cambium and the entrance of decay. 

Fig. 12. [Lower left). Typical tapping of undersized tree at Campeche. The person is E. 
A. Sterling. (Courtesy of James I). Lacy Co.) 

Fig. 13. [Lower center). Scars from the first tapping of a typical sapodilla tree. Various 
cuts near the base indicate where chieleros had previously tested the tree. [Photo by E. A. (/tier- 
ling, courtesy of James Z>. Lacy Co.) 

Fig. 14. [Lower right). White latex flowing down the zig-zag incisions of a freshly tapped 
tree. The long object inserted in the bark for comparison is the three-foot blade of a machete 
used to make the incisions. 
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creating such a scene of confusion that 
one may be excused for not immediately 
recognizing the site as crop land. Corn 
is planted in holes poked into the ground 
with a stick. When the weeds become 
too dense they are cut with a machete. 
By the second or third season the new 
jungle is huskier than the chiclero, and 
the area is abandoned on the rationaliza- 
tion that the soil is “worn out”. Plows 
are unknown, either man-drawn or mule- 
drawn. On several occasions I have 
heard reputable North Americans claim 
that plows have been sent in, uselessly, 
as the local mules do not know how to, 
and will not, draw a plow. These inter- 
esting comments — if proven— -anight be 
evidence for the inheritance' ol acquired 
characteristics in our N(Wth American 
animals, or at least for the superior in- 
telligence of one breed or the other, 
depending on one’s point of view. 

The Administrative Organization. 
In organisation the chicle industry is a 
Topsy-grown creature, easy to criticize 
but difficult to improve. Governments, 
landowners, companies, contractors, sub- 
contractors and chicloros all come in for 
their own independent pound of flesh, 
with the result that a pound of chicle 
becomes really high priced. With these 
several egocentric interests, the welfare 
of the chicle tree comes last, if at all. 
Perhaps we should not object too quickly 
to this short-sighted attitude toward the 
goose that is laying the golden egg. The 
chicle industry, under its present ad- 
ministrative organization, is one in 
which it is openly a matter of you your- 
self murdering that goose ; for if you do 
not, someone else will. 

The sapodilla forbst is partitioned 
among three countries, Guatemala, 
Mexico and British Honduras. In Gua- 
temala the lauds are all in the public 
domain, and large territorial concessions 
have been made to the two American 
companies within which each c^ direct 
operations. This situation is'wanging 


rapidly. In May, 1946, the Guatemal- 
tecan government sponsored the first 
chicle coooperative, and in June, 1946, 
the government authorized the forma- 
tion of an independent local company, 
to operate on the same basis as the 
American concerns. In Mexico some of 
the laud is public, and some is held by 
large land-owning estates. In British 
Honduras most of the chicle land is 
locally owned by private interests, some 
is held as colonial forests. In all three 
countries various regulations and rules 
have been passed which are thought to 
imsure the future of the industry. Such 
regulations concern the minimum size 
of tree for tapping, period between tap- 
pings, restrictions on tapping of limbs, 
limitations on total quantity taken from 
a certain area, and provisions for sev- 
eral-year rest-iierioUs for the tracts. 
Because of the problem of supervision 
in most cases, these regulations can 
seldom be enforced, except on small pri- 
vately held areas, and even then it is 
often difficult. 

• The various American companies are 
only buyers of chicle. A major part of 
the industry is divided between the 
Wrigley interests, on the one hand, and 
American Chicle (makers of Chiclets) 
and Beech-Nut Packing Co., on the other 
hand. These last two have operated 
jointly in Central America as the Chicle 
Development Company. Various small 
independent com]ianies make up the bal- 
ance. All the companies purchase 
directly from the owners of the private 
Mexican estates, or they negotiate with 
the’*, ‘contractors” who agree to operate 
in the territory of the company ’s conces- 
sion and to turn over the chicle to com- 
pany representatives at some jungly 
base. The companies have financed tbO' 
airports as part of their transportation 
system and have arranged various in- 
spection techniques to catch adulterants, 
inferior chicles, excessive water content 
and, in older days weight-increasing 
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stoii® content. Although it is to the 
company’s advantage to maintain the 
forest in a productive state, they have 
no assurance that the concession will con- 
tinue to be granted to them or that the 
same contractors will sell to them an- 
other year, or will employ the same 
chicleros. 

The contractors are local citizens, 
sometimes risen from the ranks of the 
chicleros themselves. Each year the 
contractor hires a grouj) of chicleros, 
advances them a certain amount of 
money with which to buy ecpiipment and 
sui)plies, and often provides them with 
certain materials. Contractors may be 
allotted a certain area Avithin a com- 
pany’s concession, or they may go out 
until they find a likely territory and 
‘^stake their claims’’ for the season. 
Contractors often sell for years to the 
same company, but they are under no 
obligation to do so, and it is to their ad- 
vantage always to sell to the highest bid- 
der. In turn, the contractor can not 
afford to think of the future of the forest, 
for if he himself does not kill that goose, 
there are a dozen others that are ready to 
do so. 

When we consider the chiclero, we 
realize how impossible it is to regulate 
the industry for the good of the forest. 
The trees are scattered 2-12 to an acre. 
The chiclero goes out one time locating 
trees. Then he goes out to tip them. 
He map be able to tap about e.-ght trees 
a day, but he so Avorks only days 

a month. The remainder of the time is 
spent in locating the trees, in idleness 
due to excessive rains, or in cooking the 
chicle. Thus, in a season of seven 
months, a chiclero Avorks, on an average, 
only 126 days. He is paid per pound of 
chicle. There are other chicleros from 
the same camp just as eager as he to get 
the pounds. There are chicleros from 
all neighbouring camps, also as eager. 
And next year he may be placed far 
away in some other area, never to return 


to this place. With the trees so widely 
spaced, supervision is impossible. Con- 
sequently, no one will know just Avhich 
tapped trees are his OA^m Avork. His 
response is that of any intelligent human 
being. He gets as much latex as possible 
in the quickest possible time, AAUth the 
least expense of energy, from any size 
tree, regardless of damage to the tree 
and the future supply. Any conserA^a- 
tion measure that cuts doAvn his oavii 
production only means more latex for 
some nearby less ethical chiclero — and 
there ahvays is such a one. This is no 
criticism of the chiclero, but of the sys- 
tem Avhich does not, or can not, or aauII 
jiot, giA^e the chiclero sufficient protection 
so that he can ‘‘atford” to practice con- 
servation. 

In conclusion, the fact that the indus- 
try is spread so thinly over such a large 
territory permits all sorts of evasions of 
AAdiatever regulations may be passed. 
Indiadual chicleros carry on a certain 
traffic in chicle betAA^een themselves, un- 
known to the contractor. This is advan- 
tageous to the chiclero if lie obtains more 
chicle than agreed upon, either from 
uuderlimit trees or from adjacent tracts. 
Large private properties are diffiiuilt to 
jiatrol, even if the boundaries have been 
ojiened, and it is always to the adA^an- 
tage of the contractor to get chicle in 
the easiest most convenient manner. 
(Consequently, production figures from 
the different estates are not ahvays re- 
liable. Furthermore, the unpatrolled 
international boundaries offer even 
greater inducements for evading regula- 
tions. For example, a small section of 
one country has been fairly Avell de- 
pleted of chicle by gatherers from the 
adjacent country. Furthermore, at 
some trail-crossings, international bor- 
ders haA^e none of the expressions of 
authority avo usually associate wdth 
them. Even nearby settlements often 
have no evidence of civil authority. It 
is said that certain ones \mvQ, crossed 
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Fig. 15. {Upper left), A typical open* fire cooking table in northern British Honduras. The 
fire is built directly on the marl-packed table, and the grill is made from sRi%p metal. 

Fig. 16. {Upper rig%t). The interior of a typical bush-hut in iiorlhern British Honduras. 
Note the lianas used for tying the structure together, and the neatly arrangi^d rows of palm thatch. 

Fig. 17. {Lower left). The town of La Gloria, Campeche, with the terminus of the San 
Dimas * ‘ railroad ' * at the left foreground. Deep mud marked the central ‘ * plaza ^ though the pic- 
ture was taken in the dry season. 

Fig. 18. {Lower right) , The author ^s bush-hut headquarters in northern British Hondurtis. 
Only vines and lianas are used to hold the structure together. Sleeping hut at left; kitchen hut 
at right. 

and recrossed such borders, and stayed Sotne Current Trends in American 
in a country for varyii^ periods, with- Industrial Research 

out benefit of formalities, visas and per- Before proceeding to a discussion of 
mits, neglect of which in normal situa- chicle research it will be well to scan 
tions has produced interesting effects, the general field of American industrial 
For all these reasons, production figures research. Chicle investigations are a 
from the countries themselves are often small though significant element of this 
unreliable and may give misleading in- total American scene, and can not be 
dications of the state of the industry. interpreted properly without reference 
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to the whole. Furthermore, it may be 
assumed that more aiid more will the 
ehiele research of the future be influ- 
enced by the entire industrial picture in 
this country. The current and rapidly 
changing status of three aspects of this 
subject are considered in tlie following 
paragraphs which deal respectively with 
i-esearch in general, American research 
and American industrial research. 

We live now in a day of complete 
reorientation toward research. There 
used to be an unbridgeable gap between 
“applied research” and “pure re- 
.search”. Applied research was once 
carried out in more or less of a trial- 
and-error method, without organization 
and continuity. I’urc research was an 
out-and-out luxury, to be indulged in by 
that socially useless minority who had 
sufficient means to putter in an ivory 
tower. Society throughout the world 
did not object to such activity, neither 
did it encourage it. Perhaps history 
will recognize August, 1!)45. as the turn- 
ing ])oiut in civilization’s attitude to- 
ward that pure reseai'ch. In a few' 
aw’ful seconds the entire world was 
allowed to learn that the intellectual 
putterings of several generations of 
those “pure scientists” had become the 
most potent mass of practical knowledge 
that any government, or people, or group 
ever possessed. Almost oveiuiight the 
new “basic research” caught op and is 
today supported in many coiinti ies in a 
manner undreamed of by the pure scien- 
tist of other years. I do not at all 
intend to imply that the pure scientist 
has now become an applied scientist, 
working for immediate and recognizable 
technologic goals. To the contrary, the 
I)sychology of the pure researcher re- 
mains unchanged; it is only that the 
practical man, gaining by hindsight, has 
increased his foresight, and is now 
openly exploiting the products of that 
ivory tower. As such he looks upon the 
matter as a very profitable undertaking. 


This new combine of personnel is en- 
tirely logical. “I suppose that the 
reason digging for truth is not only more^ 
interesting, but more })rofitable, than 
digging for gokl is that if urged on by~ 
the love of digging, one digs more deeply 
than if searching for some particular 
nugget. Practicality is likely to be 
.shortsighted and looks so hard for some 
single objective that it may miss much 
that nature presents to one who is pur- 
posely digging for whatever may turn 
up”-. The import of all these current 
re.search trends to the chicle industry is 
both interesting and in.struetive. 

American research had progressed 
significantly though slow’ly, before 1940. 
In 1930 the nation spent $166.1 millions 
for all research, including industry, gov- 
ernment and university. In 1936 the 
figure had risen to $218.1; in 1940 to 
$345.2, of which $69.1 was government 
reseai-ch. In 1942 government research 
alone liad b(‘coine ,$3.32.1, and in 1944 
it was up to ,$719.8 millions. The com- 
bined research and development program 
of the federal government is today as 
large as, and in certain instances larger 
than, during the war. Current exi)en- 
ditures are at about 20 times the 1940 
level, and for the first half of 1947 they 
Avill be at the rate of $1,500 millions, 
exclusive of the Manhattan i)rojeet. On 
the other hand, the role of fundamental 
studies in the early history is not .so 
creditable. In .several I'es^iects, Ameri- 
can science can take little pride in its 
pa.st jierformance of basic research. 
Even though we have been preeminent 
in the application of fundamental 
knowledge to practical problems, a large 
propoi’tion of the original discoveries 
have been made abroad. If the award- 
ing of Nobel prizes is an indication of 
active basic research, it should be sig- 
Jiificaut that we have received ojxly one 
out of seven such awards in the fields of 
physics, chemistry, medicine and physi- 

2 Harrison, G. R. Science 103 : 1 2.'5. 1946. 




Figs. 19, 20, 21. (Upper row ^ Center left). The main street in Carmellta, Peten, a typical 
native village of the Yucatan Peninsula. 

Fig. 22. (Center right). Interior of a . Douglas DC2 used for transporting chicle out of the 
jungle. Each bag contains about 150 pounds in irregular blocks of gum, and the usual flying load 
is 5,000 pounds. 

Fig. 23. (Lower left). Airplane Held at Villa Hermosa, March, 1946, showing the antiquated 
single-motor plane used for transporting chicle 150 miles to the coast. 

Fig. 24. (Lower right). Loading chicle at Carmelita. (Photos 19S4 hy E. A, Sterling , 
courtesy of James D, Lacy Co,) 


ology. Although figures for national ing the main stronghold for basic 
basic research are not available, we can studies, cost only $20.3 millions in 1930, 
observe trends from other sources. $25.0 in 1936, and $31.4 in 1940. In 
American university research, constitut- 1945 both houses of Congress argued the 
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]iros and cons of a National Science 
Foundation, one important function of 
■which was to eneouraye such basic re- 
search. This Foundation was estimated 
to cost $83.5 millions in its first year, 
and $122.5 when it reached stability in 
its fifth year. While Congress disjmted 
the details of the Foundation, the Army 
and Navy embarked on their own ])ro- 
{irains, believiii}; in the necessity of im- 
mediately supportin'? .such fundamental 
studies. In 1945 alone the Army and 
Navy exi)ended about $140 millions for 
basic research in universities and labora- 
tories. For the Navy this involved some 
90 contracts, coveriii}? 235 projects, 70 
per cent of which are with universities, 
(jovernment sponsorin'? of basic inde- 
j)endent research is by no means limit e<l 
to the militaiy. As one of sevei'al pos- 
sible examples, the U. S. Public Health 
Service llesearch Grants now total $3.9 
millions for a period of less than a year. 
They involve 204 research projects in 
77 institutions, and are f?ranted to inde- 
pendent scientists, with remarkable free- 
dom from control and reirutation. It 
would be assumed that these chan<?injr 
forces would be reflected by parallel 
trends in the chicle industry. 

The history of American industrial re- 
search also shows an interestin'? acceler- 
atiii}? curve. Hesearch expenditures by 
industry in 1920 -w’ere only $29.4 mil- 
lions; in 1930 $116.0; in 1936 $152.0. 
and in 1940 $234.0 millions. There are 
now said to be 2,264 industrial reseai'ch 
laboratories in this country, allhouph 
many of them are probably only devel- 
opmental and trouble-shooting offices. 
On the other hand, both pineapple and 
sugar industries in Hawaii have for 
years sponsored cooperative experiment 
stations on a lavish scale. The industry- 
sponsored Sugar Foundation in North 
America has an exceptionally large re- 
search program. We find mdre and 
more corporations establishing the posi- 
tion of Director of Research. This per- 


son now is frequently an integral execu- 
tive with the title of Vice-President in 
Charge of Research, to wit, C. E. Ken- 
neth Mees of Eastman Kodak Co., and 
the nationally known C. F. Kettering 
of General Motors Corporation, recently 
President of the American Association 
for the Advancement of Science. Sev- 
eral years ago Dr. Compton told the 
National As.sociation of Manufacturers 
that two per cent of the gross income of 
any industry could be expemled effec- 
tively on research, a figure which might 
be applied with interest to actual cur- 
rent research expenses of the chicle in- 
dustry. It is triK' that “industrial 
research traditionally has consisted pri- 
marily of developing and perfecting the 
a])plication of fundamental discoveries 
made in the nou-cominercial laboratories. 
. . . If the universities [however J are 
not enabled to carry on their fundamen- 
tal researches at a pace commensurate 
with me need, then industry, as a mat- 
ter of self-protection, will have to devote 
increasing attention to this t.vpe of re- 
search probhun. . . . liefore this type of 
investigation can be ]nirsued by indus- 
try to an adequate degree, management 
will have to be convinced of the necessity 
of such studies. The directors of re- 
search will have to dcunonstrate to 
Boartls of Directors that money spent 
in such research is as productive in the 
long run as is applied research designed 
for immediate commercial a[)plicatiou“-‘. 

Today we find numei'ous expressions 
that such fundamental research is now 
becoming a profitable undertaking for 
some of the larger corporatiojis. For 
example, the Escuela Agricola Pan- 
americana in Honduras is supported en- 
tirely by the United Fruit Co. This 
agricultural school is for training young 
men in all fields of tropical agriculture, 
and for research in a variety of tropical 
food plants. Corporations like Bell 
Telephone, General Motors and General 

3 Tainter, M. L. Science 103: 95. 1946. 
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Electric are sponsoring fundamental re- 
search with a thoroughness never before 
expressed. Coupled with the realization 
that the functioning of basic research 
must depend on properly trained per- 
sonnel, industry has stepped into the 
field of assisting in that training. For 
example, Merck & Co. has recently an- 
nounced (Nov., 1946) an appropriation 
of $100,000 to support a series of post- 
doctorate fcllow’ships with unusual lati- 
tude in choice of the fiejd of research 
and with freedom of publication of re- 
sults, coupled with opportunity for 
advanced courses of study. The new 
“Industrial Research Laboratories of 
the United States” lists 302 companies 
which are providing fellowships, schol- 
arships or grants of research, to all of 
which are accorded a large degree of 
freedom. These I'unds are distributed 
in some 1,800 grants, representing an 
expenditure of probably more than $10 
million per year. This large sum is 
about half that which was spent for all 
research in all universities in this coun- 
try in 1930! With this handwriting on 
the wall, it ai)pears as though American 
industry has committed itself, not only 
to a sizable program of applied research 
for immediate benefit, but also to a far- 
sighted long-range policy of basic re- 
search. The infiuences of this national 
trend on the chicle industry will un- 
doubtedly be of great interest. 

Past Chicle Research 

It is often useful to consider research 
as being carried out by three agencies: 
private organizations, government, and 
industry. The investigations by private 
organizations, such as research institutes 
and universities, are not readily sepa- 
rable from numerous fundamental re- 
searches in allied laticiferous plants, in- 
cluding rubber and its substitutes. 
Various students of J. S. Karling have 
worked on latex and latex vessels of 
plants other than Ackras since 1926. 


Independent research on Ackras itself, 
however, is more limited. Several large 
landholding estates in Mexico have is- 
sued reports based on sampling tech- 
niques, as a basis for their exploitation 
programs. It is well to mention here 
that T. H. Everett, Horticulturist at the 
New York Botanical (larden, has suc- 
ceeded in rooting Ackras cuttings by 
air-layering. Such rooting, hitherto un- 
reported, may be one of the most impor- 
tant single factors in establishing plan- 
tation trees in the dense and rapidly 
growing tropical undergrowth. In a dif- 
ferent category entirely are the precise 
psychological studies, such as that of 
Hollingworth on the relationships be- 
tween chewing and metabolism, strain 
and work efficiency. These studies pro- 
vide evidence that chewing reduces ten- 
sion, reduces the energy that otherwise 
is wasted in various random movements, 
that the chewing itself absorbs only a 
small amount of this saved energy, and 
that soane of it is actually discharged 
into the main occupation. What impres- 
sive advertising slogans may lie in 
studies of this kind that may be carried 
out in the future! 

In respect to the second agency, gov- 
ernments, I am not aware that either 
Guatemala or Mexico has carried on any 
investigations other than possibly cer- 
tain surveys and inventories leading to 
the more or less arbitrary establishment 
of rules and regulations .supposedly con- 
serving the supply of chicle. In British 
Honduras the colonial government has 
exhibited a more far-reaching policy 
ancb^ias not only cooperated with indus- 
try but has carried out certain re- 
searches of its own. In the main these 
have concerned techniques of tapping 
and have been based at the Freshwater 
Creek Forest Preserve in the northern 
part of the colony. To my knowledge 
the researches have not yet yielded sig- 
nificantly valuable results. 

Thirdly, in ihdustry -sponsored chicle 
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research we come to an interesting and 
instructive phase. In the first place we 
must distinguish between botanical re- 
search on chicle-yielding j)lants and 
chemistry research on synthetic substi- 
tutes. Synthetics research remains 
largely intra-company information and 
is beyond the scope of this article. Dur- 
ing the last War a popular chewing gum 
is said to have been at least three-quar- 
ters synthetic, and though it has now 
been removed from the market as in- 
ferior, the possibilities of a suitable 
synthetic are very real. Although at 
this time such possibilities must have 
repercussions on the interest in botani- 
cal research, this was certainly not true 
in previous years. 

Industry-sjjonsored botanical research 
can bear division into two groups, based, 
respectively, on the two leading com- 
panies ill the industry. One of these 
took the stand a (piarter of a century 
ago — and with considerable .justification 
— that experiment station research is not 
practical for chicle. Other than a lim- 
ited amount of area-cruising, that com- 
pan.v has entered on no botani('al inves- 
tigations within its research division. 
The other company has engaged in re- 
.search ; it has followed a liberal policy 
of publicizing the results of this re- 
search, believing that it is to the benefit 
of the entire industry to do so. It is on 
the basis of such public records tnat the 
following statements are made. 

The entire significant history of chicle 
research, dcsjiite its violent fluctuations, 
is encompassed in a mere quarter of a 
century. In 1921 Mr. Hummel, then 
Forestry Officer of British Honduras, 
published his “Report on the Forests of 
British Honduras, with Suggestions for 
a Far Reaching Forest Polic.y“. This 
policy recommended a conversion of the 
native jungle to a sapodilla plantation. 
The results of the passage of time indi- 
cate that Mr. Hummel is more to be com- 
mended for his high -pressure salesman- 


ship than for the professional worth of 
these unique silvicultural theories. lie 
sold his idea not only to the industr.v 
officials, but to the entire colonial Forest 
Office — though not to other interests. A 
forty-thousand acre tract was privately 
purchased in 1924, and operations were 
begun in full intensity and with the 
hearty coopei'ation of government. 
Brief reports on these forestry opera- 
tions appeared in the Annual Reports 
of the British Honduras Forest Tru.st 
through the .vear 1928. By that time, 
however, it became apparent that ex- 
pected results were not being obtained. 
Tims this unfortunate i)ro,iect — ques- 
tionably to be designated as “research” 
— was completely abandoned. To my 
know'ledge, the negative re.sults were not 
reported and evaluated as a technical 
ju’o.ject, and the conclusion was ps.yeho- 
logically fixated that .sai)odilla was not, 
and would never be, suitable for planta- 
tion development. 

The next investigation venture was 
more sucVe.ssful in scientific worth, if 
not in immediately applicable results. 
Dr. d. S. Ivarling of Columbia Univer- 
sity. working for industry through the 
Tropical Plant Research Foundation, 
and on the same 40,000 acre tract, car- 
ried through a five-year (1927-1932) 
series of tapping investigations, all im- 
])ortaut results of which apj)eared in 
several articles bv Karling and by Lun- 
dell. At Dr. Ivarling ’s suggestion that 
the tapping studies be discontinued, it 
appears that not ordy they but the entire 
investigative stnicture in British Hon- 
duras collapsed, apparently wdth the 
abandonment, loss or misplacement of 
various materials and records. 

It was almost a decade later that the 
future of the industry again began to 
weigh heavily on certain minds. The 
author was borrowed from his university 
for intensive field surveys in Central 
America, and on the basis of his recom- 
mendations, an Experiment Station was 
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established. This station was not only 
to embark on an active research program 
on termination of the War, but was to 
serv'e as an administrative research unit 
within the industry, to ride through 
expected waves of interest and disin- 
terest, and to serve as a continuous 
medium for preserving the records, files 
and information of importance to re- 
search. The short life of the Station is 
reflected in three mimeographed reports, 
copies of which are in th^e British Hon- 
duras forest office, three pub- 

lished articles by ti)« author. The 
author resigned as Dlrensior in October, 
1944. No successor has been appointed, 
and assumedly the Station has lapsed 
into non-existence. Once again a stasis 
was obtained. 

Connecting and anastomosing among 
the threads of these three chapters are 
a series of short-time projects, often 
creditable, sometimes carried to comi)le- 
tion, sometimes abandoned as soon as 
results began to appear negative. These 
projects have been carried out on a 
retained consultant basis or on short- 
term assignments. In this category are 
to be placed various surveys and inves- 
tigations by the James D. Lacey Co., 
to ascertain the amount of exploitable 
chicle in the forests, a popular report 
of which was published by Sterling. In 
addition, there are siindry taxonomic in- 
vestigations that have appeared by 
Cronquist, Gilly and Monaehino. Even 
in its taxonomic work — one of its few 
ventures into basic research — the indus- 
try has not always obtained results that 
encourage it in this line. For example, 
Gilly has found good and valid cause to 
abandon the fl^e old name of Achras 
Zapota. In addition, however, this old 
familiar sapodilla was disrupted into 
ten species, plus varieties. These segre- 
gates were recognizable only by flower 
characters — a pesky situation for the 
field man, for the tree is usually flower- 


less in nature and in the herbarium. 
Scarcely had the significance of this 
complexity begun to be absorbed when 
Cronquist, approaching the problem 
from other and more conservative 
standards, reduced the ten species to 
three. Verily, when the gods themselves 
dispute, whom is the common man to 
follow? 

Within recent months, there have 
been numerous changes in the policies 
of the companies regarding research. 
Jleports are conflicting and often con- 
tradictory. In general, it appears that 
research on Achraa is completely halted, 
but that an investigative program on 
other natural gums, especially jelutong, 
has been and is in process of formation. 

As we glance backw'ard we see that 
the lavish and unlimited exploitation of 
natural resoiu’ces* has started to raise 
some wrinkles on the brows of the more 
far-sighted. Continued oi)ening of vir- 
gin areas, however, has caused others to 
take ^sueh fears and worries quite 
lightly. The real nature of scientific 
research and careful preliminary appli- 
cation of research results are not in 
my opinion yet segregated from strip 
surveys for estimating existing quanti- 
ties of chicle. Nor are they segregated 
from the desire for a plunging all-out 
offensive, a la Hummel, such as wmuld 
put the industry on a permanent basis, 
overnight, or at least as quickly as man- 
hours could be applied. The actual re- 
search, if one desires to call it that, has 
too often been encompassed in such a 
phrase as “How much chicle can be 
ta^en out of a given area without jeop- 
ardizing future production ? ’ ’ This 
question will always stymie field bota- 
nists who know the Yucatecan jungle, 
for it implies a fundamental misconcep- 
tion of the entire situation. The poor 
botanist may feel himself confronted 
with a psychologic problem in adult 
education, rather than with the accumu- 
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lation of new botanic data. At times, 
the not undangcrous policy may have 
been followed of hiring men of various 
professional categories to agree with 
previously decided opinions, and to 
work on specific short-time objectives, 
sometimes for specific pre-determined 
results. Jn such instances, when results 
begin to appear negative, or even before, 
interest may be lost, the work stopped, 
often the records may be lost. Such a 
l)olicy favors sterile repetition, with 
regularly repeated still sterile failures, 
coupled with unwarranted negative con- 
clusions, Jj] summary, we can say that 
“basic research”, in the sense that w(“ 
have used the jdirase in this paper, is 
still undeveloped, as evidenced by exist- 
ing i)ublications. What work has been 
done in this category, as by Karling, can 
largely be placed at the hands of basic- 
reseandi minded botanists who have 
efi'ected them despite, rather than be- 
cause of, the encouragement of industry. 

This retrospect over the past <pjarter 
century by no means warrants criticism 
or adverse comment. It is j)resented 
here iis a record and iuter])retation of 
historical fact. It represents an ex- 
tremely interesting and normal period 
of an industry which is based on the 
exploitation of a natural resource. It 
bears curious and instructive parallels 
to such developments as have a’ ready 
been exj)erienced by the rubber indus- 
try, by timber forestry, by the ‘.ittle- 
range industry and many others, all now 
well buttressed by stable research pro- 
grams. It appears to me a ])erfectly 
normal chapter, analogous to what in 
other industries has been a normal 
growth. The final story — one facet 
among many in the history of American 
industrial research — remains for the 
future to unfold. 


Potential Chicle Research 

With the conspectus that has been 
presented, the phytologist can indeed 
wax enthusiastic about the research 
future of the chicle industry. Evolu- 
tionary trends can not be thwarted, even 
in the field of human economics, and it 
is only natural to expect that the chicle 
industry will some day enter another 
stage, following in the footsteps of rub- 
ber, sugar, pineapple, citrus fruits, 
bananas, hemp and many others. Even 
the development of a synthetic substitute 
need occasion no great pessimism, if we 
are to be influenced by the still great 
importance of natural rubber beside its 
synthetic substitutes. 

To merely list the possible fields of 
research on chicle trees would be beyond 
the scope of this paper. It is easier to 
stale that as a research subject, the field 
is e.ssentially virgin. What we do not 
know is astounding. We do not have 
.sufficient data by which to gauge height 
and diameter growth rates, the age of 
tappable trees, the age at which tapping 
is first possible, or the ecologic require- 
ments for maximum growth. AVe know 
almost nothing of the forest itself, and 
of the role of the sapodilla in it. To 
a.ssume that a plantation industry is im- 
])ossible is as premature as to have as- 
sumed the same thing for rubber at a 
eom})arable stage in rubber history. 
And finally, juimerous other s])ecies 
around the world give usable latex. We 
know even less about these plants than 
we do about sapodilla. What specific 
facts and techniques will eventually be 
extracted from the mass of future re- 
search-ac(iuired data, to mold the indus- 
try of tomorrow, no one now knows. 
We who sit on the side lines can look 
forward to an unfolding and eventful 
l)anorama in the long history of man’s 
utilization of the world’s plants. 



Plantation Rubber in the New World 

The exigencies of the recent war induced the estab- 
lishment of rubber plantations in the New World, of 
which there may now be 30,000 acres in the Island of 
Haiti, Mexico, Central America and northern South 
America. 

W. N. BANGHAM' 

Plant Sources of Comnu^cial Rubber visitors had with the natives of the 


Althottgii rubber ^aborated, to 
some extent at least, by about 1,500 spe- 
cies of plants, few of these species form 
a sufficient quantity or a satisfactory 
quality of it to have achieved value as 
commercial rubber producers. In gen- 
eral, the rubber that is present within the 
specialized cells or latex systems of most 
of those species is so intermixed with 
resins, gums or other materials as to 
render extraction of it in reasonably pure 
form very diflScult. Of the plants from 
which rubber can be obtained by destroy- 
ing and disintegrating the plant source 
itself, only guayule (Parthenium arqen- 
tatum A. Gray), a shrub native to the 
arid areas of the southwestern United 
States and northern Mexico, has attained 
importance. Among those which yield a 
rubber-containing latex and which there- 
fore need not be destroyed and disinte- 
grated, are a few trees and vines native 
to Africa and southern Asia (Funtumia 
clastica (Preuss.) Stapf., f/andolphia 
sps., Cryptostegia sps. and Ficus elastica 
Roxb., chiefly). They attained some im- 
portance when rubber was available only 
from native jungle sourees or when the 
flow of it was diminished by restrictions 
on commerce, by war or by governmental 
decree. None of them, however, has been 
a, satisfactory plantation source of the 
material. 

In the e^liest contacts that European 

1 Editor, La Hacienda; formerly . Director, 
Plant Beararch Department, The Goodyear Rub- 
ber Plantations Company, Akron, Ohiok 


Americas they found rubber used in balls 
and as a waterproofing cover for cloth. 
Much of this rubber is supposed to have 
come from Castilla elastica Cerv. trees 
which were native to the regions first 
visited. This species has been planted 
in plantations at various times sinee then 
but has not given satisfac4()ry sustained 
production. Manihot Olasiovii Miill.- 
Arg., a tree native to dry regions in 
Brazil, was also planted in a few early 
tests, and a considerable commercial 
planting of improved selections of guay- 
ule has been made in the southwestern 
United States. All these sourees, to- 
gether with wild Hcvea of the Amazon 
Valley, acitounted for approximately only 
two i>er cent of the total world rubber 
production in the y^oars immediately pre- 
ceding the war,. , It was the cultivated 
plantations of Kevea hrasiliensis Miill.- 
Arg. wliich had become, by all odds, the 
dominant sourees contributing to the 
world rubber production which before 
the war amounted to 1,500,000 tons each 
year, with a value of $756,000,000 at the 
fixed buying price of the United States 
d^ing 1941. 

Tapajos Jungle Provided Planting 

Stock for Oriental Rubber Plan- 
tations Free from Leaf 
Disease 

Unique in the history of major world 
crops is our information iibout the origin 
of the planting material for the approxi- 
njately 9,000,000 acres which have been 
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planted with Hevea throughout the tropi- 
cal regions of the world. This entire 
area, with a few minor exceptions, was 
planted with the progeny of one collec- 
tion of 70,000 seeds, of which only some 
2,800 germinated and survived. It is 
qxiite possible that some of the trees from 
which Henry Wickham (later to become 
Sir Henry Wickham, in recognition of 
his contribution to Empire Agriculture) 
collected these seeds in 1876 still stand 
on the plateau area 500 feet above the 
banks of the Tapajos River in Brazil, 
where he gathered them, and that some 
may still contribute to the native rubber 
production of the Amazon basin. 

Only the genes which were present in 
this ixopulation from a very restricted 
location have been available to later 
breeders who worked on the plantations 
of Sumatra, Java and Malaya in their 
attempts to increase yields and to better 
adapt Hevea trees to plantation culture. 
The Hevea trees which grew in scattered 
distribution on the high banks of the 
Tapajos River, where there is a long and 
distinct dry period often accompanied by 
strong winds at the period of leaf change 
(wintering), rarely were severely dam- 
aged by the principal Hevea disease, 
South American leaf-blight, caused by 
the fungus Dolhidella ulei. The popula- 
tion of Hevea trees in this area had not 
then been subject to natural selection 
strong enough to build into it a Satisfac- 
tory' amount of resistance to this disease 
to i)rotect the trees when they were 
planted at plantation density in ht-eas in 
which the environment was less favor- 
able than that of their native plateau. 
Fortunately, however, for the industry 
which later developed from this collec- 
tion of seeds, Wickham did not carry 
with him on the seeds viable spores of the 
blight. If he did include some they 
were lost during the journey or during 
the period in which the seedlings were 
maintained in the greenhouses of Kew 
Gardens. The seedlings thus did not 


carry the disease to the plantations which 
were established with them in Ceylon, 
Malaya and Java, and drastic control of 
the export of planting material of Hevea 
subsefjuently maintained by South Amer- 
ican countries prevented transfer of the 
disease to the major plantation areas of 
the world with later collections of Hevea. 
The disease, therefore, was not intro- 
duced into the Orient, and the plantation 
areas of the East and the search for 
planting materials with superior ability 
to produce high yields was not hampered 
by the necessity to also develop resist- 
ance to this serious leaf blight. 

Native Leaf Disease Prevented Use of 

Hevea on New World Plantations 
and Induced Attempts with 
Other Species 

The freedom of Oriental plantations 
from the blight was not duplicated in 
New World plantings in regions in which 
Hevea ’’'as native. Only in limited areas 
which were favored with unusually for- 
tunate climatic conditions did attempts 
to establish Hevea on plantations in 
Trinidad, the Guianas or the Amazon 
Valley result in mature and iiroduciug 
trees. T^sually, however, these efforts 
ended in disaster after the South Ameri- 
can leaf-blight successively destroyed 
all or most of the leaves of each new flush 
that appeared in the course of a few 
years. 

During periods of high rubber prices 
a great expenditure of capital of Ameri- 
can, European and of local origin was 
invested in Mexico, Central America and 
South America to establish rubber plan- 
tations. After the risks connected with 
planting Hevea became well publicized, 
most of the plantations were planted 
w’ith Castilla trees, but ])roduction from 
these trees was low, under the severe 
tapping practices in current use. The 
plantations rarely survived long in the 
hands of the original owners, after the 
plantations of Hevea in Ceylon and 
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FiGv 1.. (JJ'pper). Extensive nurseries, as pictured here on the Goodyear Subber Plantations 
Company Wingfoot Estate in Sumatra, were required for large-scale planting operations. 

Fio, t. (Lower). A few laborers in the processing factbnes of modem estates prepare clean, 
uniform sheets of rubber from the latex collections of many tappers) as pictured here on the same es- 
tate in Sumatra. 
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Malaya started production on a large 
scale. The total loss of investment which 
the investors suffered in these American 
plantations gave rubber as a plantation 
crop in the American tropical areas a 
permanent shock, from which it has not 
recovered. 

When Castilla plantations failed be- 
cause production costs were high and the 
quality of the rubber was low in compari- 
son with that of Hevea, many of the trees 
survived among the competitive jungle 
growth which came up among them. 
These survivors served as the source of 
much of the Castilla, rubber which helped 
so vitally in the production of war mate- 
rials during the recent war. Although 
there does not appear to be any need to 
consider Castilla as a plantation tree in 
the immediate future, there is justifica- 
tion for some protection of this tree in 
jungle ^areas, for its value as an emer- 
gency source of rubber. 

Quayule rubber was adapted to plan- 
tation culture largely through the efforts 
of Dr. David Spence and his staff in the 
laboratories of the Inter-Contineutal 
Rubber Co. at Salinas, California. This 
group, which has recently had the help 
of governmental and University agen- 
cies, has improved rubber yields, de- 
creased resin content and developed 
cultural, harvesting and processing ma- 
chinery. Even with the remarkable 
improvements which were made in the 
plants and the substitution of machines 
for human labor in handling, the crops 
have not yet reduced production costs to 
a point which will permit guayule to 
compete with improved Hevea on a direct 
cost basis. The rubber from guayule is 
said to be particularly well adapted to 
use in certain mixtures with synthetics, 
and it may find a place permanently in 
the agriculture of certain arid areas, but 
it appears improbable that it will, .in the 
near future supply a larger percentage 
of the plantation rubber than it does at 
this time. 


No other species of plant has threat- 
ened the dominating position of Hevea 
brasUiensis in rubber production, or 
appears likely to do so. It is possible 
that synthetic materials will continue to 
replace some rubber in tires and other 
products which utilize large volumes. 
The extent of this substitution will de- 
pend chiefly on the legislation which will 
determine the national i)olicy with re- 
spect to the synthetic fac.tories. Despite 
the low price at which it was estimated 
that synthetic could be made with the 
most njodern methods (one estimate was 
between 13 and 1.5 cents' per pound), the 
former plantations of improved Hevea, 
with unrestricted export, could operate 
at a profit in years prior to the war. It 
is imi^ossible to determine either the 
potential <)nantity or cost of rubber 
which will come from the plantation 
areas of Indonesia and Malaya after this 
period of social unrest resolves itself. It 
is ver.y certain that wages will increase 
r.nd that labor productivity will be low- 
ered in that area. These changes will 
lower the differential between the cost of 
producing rubber in the. East and the 
same costs in the Americas. 

Most Eastern Plantations Are Planted 
with Low-Yielding Hevea 

Approximately 90% of the plantation 
areas of Hevea in the Orient, including 
native-planted areas, are planted with a 
random mixture of seedling progeny 
from the original Wickham trees. This 
type of planting material has produced 
an annual yield of 4,50 to 500 pounds of 
dry rubber per acre per year on large 
Europeaiu plantations, and somewhat 
more than that on the thickly planted 
native holdings. Mr. H. N. Whitford, 
of the Rubber Manufacturer’s Associa- 
tion, found the native tappers to bring 
in from their own holdings about eight 
pounds of dry rubber for each day of 
tapping, and these men usually used a 
part of the day to process their product. 
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• Fu^S. (Upper). The President of Oosta Bica receiving the first tires made eompletelT 
, from plantation rubber raised in the New World, • . . r j 

^1. Messrs. J. J.‘ Blandin, P. W. Litchfield and A. G. Cameron 

^ tb4 first Mie 6 t rubber from the Goodyear Bubber Plantation in Costa Bica, 
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Careful control, on the other hand, of 
tapping procedure and of tapping panel 
diseases has permitted tappers on Euro- 
pean-operated estates to collect from 18 
to 20 pounds of dry rubber from each 
day’s tapping, from similar unselected 
trees. On the estates one man in the 
factory could process the product of ten 
or more tappers each day. 

The remaining 10% of the plantations 
in the East, all European or American 
owned, were planted with trees that 
originated in an extensive breeding and 
selection program. Perhaps 20,000,000 
seedling trees had their yields recorded 
for a period of a year or more to select 
the superior trees. Progenies of these 
were propagated by budding. Yield tests 
of the progenies gave an indication of 
the value of the clones for larger scale 
trials. 

By generative crosses among the best 
seedlings discovered within the natural 
stands, production was increased to 
levels above that of natural iK)i)ulations. 
The mean yield of a population from the 
superior parents frequently was ecjual to 
that of the parents, indicating that the 
mean had been increased by .selection and 
one generation of crossing to a level 
approximately three times the mean of 
the population from which the parents 
had been chosen. Few of the combina- 
tions or re-combinations involving more 
than two generations of crossing within 
this selected body of material had been 
tapped before research stopped in the 
Indonesian and Malayan areas with the 
arrival of Jap invaders. Since improve- 
ment was so rapid in these first genera- 
tions, it appears reasonable to assume 
that improvement of the Hevea tree has 
not reached the maximum ceiling for 
yields. We anxiously await information 
as to the yields of advanced generations, 
which should be mature when the Indies 
are re-opened. 

In addition to providing an increase in 
the yield-potential of the trees, the selec- 


tion program eliminated, when possible, 
those clones which were unduly suscep- 
tible to a breakdown of the latex vessels 
(brownbast), to .severe wind damage and 
to uneven renewal of bark on the tapped 
panels, and also eliminated trees with a 
branching habit which would not stand 
the competition of planting in stands of 
mixed clones. 

The best of the clones which originated 
from selections of outstanding trees in 
natural seedling populations gave com- 
mercial yields on a large scale that was 
about three times that of the population 
from which it was selected, or about 
1,500 pounds per acre per year. The 
best of the clones resulting from con- 
trolled crosses has given 2,000 pounds 
from large j)lots. Tappers working in 
tasks of such trees bring to the collecting 
station the equivalent of 40 to 60 pounds 
of rubber per day. With a minimum of 
800 tapping days, a tapper working with 
this cl»ss of Hevea can get an annual 
N’ield of 12,000 pounds of rubber. 

Jungle Rubber Gives Meagre Return 
from Land or Labor 

How does this retiirn compare with 
that of the Indian who hunts his rubber 
from M’ihl trees? The Rubber Develop- 
ment Corporation has made an extensive 
check of the annual crop of rubber tap- 
pers in South America during the war 
years, and has reported that the yields 
vary from a low of 440 pounds in the 
Iquitos area of Peru to 1,760 pounds in 
the Rio Beni area of Bolivia. The data 
on the page following indicate the com- 
parative yields of the various tappers and 
their annual crop values at the 1941 
world price of $0,225. 

The relative advantage of the estate 
laborer is reduced by reason of the capi- 
tal required to prepare the plantation for 
him to tap, and by the upkeep and fac- 
tory labor which assist him in processing 
rubber from the latex that he collects. 
When we discount these factors we still 
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ANNUAL BUBBER CROP PER TAPPER 


Yield (^pounds dry) 

Tapper Type of Tree Value {$ USA) 

Per Tree Per Acre Per Tapper 

Native Iquitos Wild 2 — 440 f 99.00 

Native Bio Beni Wild 1 — 1760 396.00 

Sumatra native Unseleeted 5 600 2400 540.00 

Sumatra estate labor Unselected 6 450 5400 1215.00 

Sumatra estate labor Best clones '15 1500 12000 2700.00 


find that the tapper working with im- 
proved clones in an estate has a very 
marked superiority in his annual crop as 
compared with th^aative in the jungle 
or the native si|H|p|j|lder in Sumatra, 
who taps relatiAiillPpiy-yielding trees. 

It is not necessai^^dr prospective plan- 
tations in the Americas to pass through 
the same stages of economic development 
as do those of the Indone^an natives, 
with their available land planted to rub- 
ber on a low productive level. High- 
yielding clones can be planted here, and 
the American plantations will have the 
advantage of production levels equiva- 
lent of those of the top 10% of the indus- 
try in the East. The Inter-American 
Economic and Social Council of the Pan* 
American Union reported that 69,186 
laborers were occupied in the collection 
of rubber from wild sources in South 
America during 1944. ^ven ^ times of 
extremely low prices many*^ these tap- 
pers continue to exploit rubber. Would 
it not be good economy to aid them to 
plant improved rubber trees near their 
homes and to get the advantages of this 
greatly increased efficiency of labor and 
land use? We cannot explain the, pro- 
duction of rubber by the Amazon natives 
on the basis of ah attractive return, but 
if' they are attached so tenaciously to 
their localities, it is possible with planted 
rubber to bring them a more fruitful life 
in their customary occupation. 

Not only do the laborers in the wild 
rubber areas obtain a small return for 
their efEorf, but they are subjected to 
very unhealthful conditions, a lack of 
medical ifacilities and||il^ery high mor- 
tality. Poor temptiwS|^||U|dhji provide 


snelter, food is often scarce and poor in 
quality, and medical services cannot 
reach remote locations. With a single 
hectare of the best available clones, top-, 
budded with a resistant clone, the tapper 
could live and work within sight of his 
home and still obtain as much as seven 
times the rubber that he now gets from 
a year’s work. 

Concentration of rubber production 
into small units of planted area will make 
it possible for the rubber tappers to live 
in more comfortable permanent housM, 
where an adequate supply of food and 
medical services will be possible. Despite 
the advantages. to be gaihed from having 
planted rubber replace the wild, the 
impetus to make this change will not 
come from the tappers themselves, at 
least not until they can see in their region 
producing units on the scale of their 
potential holdings. If these units are 
esti^blished by a . local governmental 
agency they wi^l ehcourage the spread 
of this type of planting. 

Production Restrictions Bring 
Rubber Back Home 

Despite earlier failures to establish a 
rubber plantation industry in the Amer- 
icas, development of these plantations 
obtained new impetus from the promul- 
gation of the “Stevenson Scheme” to 
restrict export of rubber from th^ chief 
producing areas within the British Em- 
pire. The Ford Motor Company pur- 
chased ■ a concession of about 2,500,000 
acres along the Tapajos River in Brazil, 
in which it planned to expfoit timber and 
jungle products and later to plant the 
deforested area with plantation rubber. 
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The United Fruit Company imported 
some seed from selected high-yieldinj? 
"Mother Trees” from the estates of the 
United States Rubber- Company in Su- 
matra. This company started small 
rubber plantations on land in Costa Rica, 
Honduras and Panama, which had no 
further utility for growing bananas, 
after the soil had become infected with 
Panama Disease (Fusarium cuhense). 

The Ford attempt to exploit the Ama- 
zonian timber and other jungle products 
was ill-timed. Depression economy which 
dominated world trade at the time they 
were ready for market did not permit 
profitable introduction of the new prod- 
ucts. Wood-working machinery could 
not cope with many of the extremely 
bard woods, kiln-drying procedures were 
unknown for many of them, and it was 
very difficult to obtain considerable 
(piantities of timber that would behave 
in the same manner as did a sample. 
Young planted rubber from local seed 
succumbed to attacks of South American 
leaf blight, and insect pests which were 
unknown as enemies of Hcvea in the 
w'ild, became devastating. The company 
was forced to abandon plans of large- 
scale expansion of rubber planting until 
it can obtain a satisfactory control of 
some of these plagues. 

Only a small portion of the planted 
area of the United Fruit Company 
Hcvea was of the improved mjhteric.l. 
When the Stevenson Scheme failed and 
rubber prices again dropped, this com- 
pany realized that the low yields which 
could be obtained from unimproved trees 
could not support profitable operation. 
The company abandoned its plantations 
in Panama and Costa Rica, at which time 
they were apparently healthy. However, 
when the author arrived in 1935 with 
Mr. B. E. Bookout, Agricultural Super- 
intendent of the United Fruit Co., re- 
maining trees were heavily defoliated by 
Dothidella ulei. There is still no record 
of the trail by which the disease reached 


Panama and Costa Rica. This planta- 
tion in Costa Rica was later purchased 
by the Goodyear Rubber Plantations 
Company and became the base for their 
studies of control methods for South 
American leaf blight. 

The Goodyear Rubber Plantations Co. 
had established a plantation on the island 
of Mindanao, in the Philippine Islands, 
in 1928 as a first step towards eventual 
planting in the Americas. The better 
clones from all sources w'ere established 
there as soon as they were available. 
When, in 1934, the International Rubber 
Restriction Agreement limited the ex- 
])ort of rubber from all the major pro- 
ducing centers of the world, the agree- 
ment also i)rohibited movement of rub- 
ber-producing plants out of the countries 
w'ithin the agreement. The Philippine 
Islands had not joined the agreement, 
and the Goodyear collection of clones 
was the largest outside the restricted 
area, lujpending conflict in the Pacific 
area, the danger of having the entire 
source of their chief raw material come 
from a small portion of the globe, and 
the danger inherent in having this mate- 
rial controlled by a producer’s a.ssocia- 
tion, were factors which w'cre influential 
in a consideration of the possibilities of 
plantation-scale production of rubber in 
the American tropics. High yields that 
could be obtained from the clones which 
the company had on the Philippine 
estate shotdd off-set the wage differential 
between the American tropics and the 
plantation areas of the Bast where the 
majority of rubber production was from 
low-yielding trees. 

Leaf Disease Control Essential for 
Permanent Plantations in the 
New World 

•A shipment of plants of 1,100 clones to 
a new estate established on the borders 
of Gatun Lake in Panama was to be the 
base for distribution of planting mate- 
rial, and commercial production was 
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planned for an estate in Costa Rica. The 
discovery that South American leaf 
blight had arrived in Costa Rica before 
we did had a destructive effect on plans 
for the immediate building of a planta- 
tion for commercial production. A pro- 
gram leadipg to control of this fungus 
became ^pnediately essential if planta- 
tions wfre to hope for successful survival 
at any point in the hemisphere. 

A survey trip to Trinidad, the Guianas 
— where Stahel had for many years 
studied this disease-r-and to the Ford 
plantations in brought little en- 

couragement of aiiliitnpts at control of 
the fungus with fungicides. ^Favorable 
climatic factors in the Tapajos area had 
permitted eastern clones, which the Ford 
Plantations had imported before the Re- 
striction Agreement had discontinued 
access to them, to make some growth in 
spite of seasonal damage. Dr. J. R. Weir 
had attempted to offset this damage by 
budding at about six feet above the 
ground with buds of Hevea guianensis 
Aubh, and from them to obtain crowns 
with some resistance to the disease. This 
procedure worked well in favorable cli- 
mate where the eastern clones could 
reach a height for top-budding with little 
damage by the disease. It was not the 
answer to our problems in Costa Rica 
and Panama, however, where the disease 
stopped growth of the trees and reduced 
their vigor long before they were large 
enough to be given a resistant crown. 
The Ford staff had made another obser- 
vation which had outstanding value to 
our program and which gave us the 
courage to proceed vtith our battle 
against the fungus. They had found 
that a seedling population collected from 
the frequently inundated islands near 
the mouth of the Amazon, and also a 
population collected from some of the 
cloud-bathed foot-hills of the Andes 
along the Acre River, had mean resist- 
ance levels to the disease which appeared 
to be higher than the'.esctreme resistance 


exhibited among the Tapajos seedlings. 
Since the Tapajos population was the 
basic stock of our plantations and of the 
improved clones, k became necessary to 
return to the Amazon for the genes that 
would give our trees the resistance to 
. protect them from the disease. 

Permanent Plantations Require High 
Yields Too 

The resistant populations were very 
low in their yield levels. That from the 
region at the mouth of the Amazon was 
later found to average only half of the 
yields of the unselected Tapajos seed- 
lings. Obviously a plantation could not 
compete with high-yielding Indonesian 
estates when planted with such material 
any better than could plantations of 
clones without resistance to tiie disease. 
The staff of the Ford Estates utilized the 
climatic advantage which permitted them 
to grow the eastern clones to flowering 
size and intercrossed these clones with 
the resistant trees. Some seedling fami- 
lies with a very high level of resistance 
resulted from these crosses. Early yield 
tests of the seedlings promise that 'the 
eventual planting materials for planta- 
tions of Hevea in the Americas will have 
their origin among these crosses or those 
which were later prepared by Mr. L. A. 
Berry, Jr., who worked at the Ford 
Estates on a program cooperatively sup- 
ported by the United States Department 
of Agriculture and the Institute Agron- 
omico do Norte of Belem-Para, Brazil. 

When the war emergency placed the 
^tibber plantation areas of the world in 
j^erpardy, funds were appropriated to 
the United States Department of Agri- 
culture to assist the development of a 
rubber plantation industry for our hemi- 
sphere. First, a survey of areas suitable 
for rubber growing was made, and co- 
operative agreements were reached with 
many of the American Republics, which 
insured a^ free interchange of improved 
planting materials and of information. 
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Fig. 5. {Upper left), Heaffoldim erected to permit access to the flowers of high-yielding 
Hevea clones and thus to facilitate thi maidng of cross-pollinations with pollen from high-yield- 
ing strains. This procedure carries the hope of combining satisfactory levels of yield and resis- 
tance in the same tree, and averts many budding and spraying operations. 

Fig. 6 . {Upper right), Hevea trees are tapped near the ground and climbing them is not 
necessary. A tapper can tap 400 or more trees per day on plantations. 

Fig. 7. {Lower left). Tapping castilla trees requires strength and skill, and few can be 
tapped by one man in a day ^s w^ork. 

Fig. 8. {Lower right), A blight-resistant scion grafted on a liigh -yielding but blight-suscep- 
tible stock. The scion will develop a crown with healthy foliage for the latex-producing trunk 
which, in turn, has been grafted on a good rooting stock. 

These have been of essential value to Langford to the Goodyear All-Weather 
subsequent d^svelopment of the planta- Plantation in Panama. There he devel- 
tion ftxdustry. oped a spray procedure which gave very 

Before facilities for research were satisfactory control of the disease in 
available the U.S.D.A. sent Dr. M. J. nursery areas. Later, at Turrialba, Costa 
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Fio. 9. (Upper). A screened house 'provided for laborers on a plantation is much superior to 
the primitiTo dwellings of tappers in jungle areas. , 

Fio. 10. (Lower ) . ' A native in the rubber country of Brazil coagulating rubber in successive 
coatings on the end of a stick by repeatedly dipping the stick into a mass of collected latex and 
then rotating it in the smoke of a fire. 

Rica, he adapt^ his equipment and pro- tice has become the keystone of the entire 
cedure to give equally effective control program of disease control. It made it 
of the disease on non-resistant trees which possible in all climatie zones to protect 
iwehe planted at field Bi>iMing. Thisprac* the non-resistant high-yielding eastern 


PLANTATION BUBBEE IN THE NEW WOBLD 


221 


\ 

clones until they can be given a crown 
of resistant origin. 

Dr. E. W. Brandes and Dr. R. D. 
Rands, at the Beltsville headquarters of 
the Bureau of Plant Industry (U.S.D.A.) , 
and the staff of the Central Experimen- 
tal Station at Turrialba, Costa Rica, 
under the direction of Dr. Ernest Imle, 
have maintained constant contact with 
the accomplishments and the needs of the 
research workers in each of the cooper- 
ating government and industrial groups. 
They cared for the distribution of scarce 
planting materials and technical assist- 
ance among the projects, and formed the 
clearing-house for information that origi- 
nated at any point in the program. 


War Emergency Leaves Hevea Plan- 
tations in Many New World 
Countries 

Unfortunate as it was that the essen- 
tial investigation had not been done be- 
fore the emergency arose, the end of the 
war in the Pacific (and of the emer- 
gency) found the plantation culture of 
rubber firmly established in many re- 
publics of Tropical America. Dr. E. W. 
Braudes included in the introductory 
comments of the U.S.D.A. publication, 
“Cooperative Inter- American Plantation 
Rubber Development”, the following 
table showing the extent of new planta- 
tion rubber at the end of 1945 : 

SUMMARY OF IIEVEA PLANTINGS BASlA) ON 
INCOMPLETE REPORTS FROM COOPERA'WRS 

_ . Estimated ace-raqe at 

end of h045 
16,000 
510 
2,400 
30 

1,129 
6,500 
813 
347 
125 
125 

ea 

28,047 


Brazil 

Colombia 

Costa Bica 

Dominican Bcpublic 

Ecuador 

El Salvador 

Guatemala 

Haiti 

Honduras 

Mexico 

Nicaragua 

Panama 

Peru 


Reports from which the above table 
was compiled apparently did not always 
include rubber which had been planted 
in colonization projects or other small 
holdings. These were at times super- 
vised by local government technical men 
hnd were in part financed by the govern- 
ment as a ])ortion of the expense of 
setting up the projects. On page 70 
of the report, “Caucho” (Rubber), of 
the Consejo Inter-americano Bconomico 
y Social (Inter- American Economic and 
Social Council) of the Pan-American 
Union, dated September, 1946, there is 
the following statement (translation — 
W.N.B.) : 

‘‘At this date there have been planted 3,750 
acres of Hovca riOiber in Mexico, and it is ex 

•b ' , 

pected that the number of planters, that is now 
about 650, will increase to more than 1,000 dur- 
ing the eoniing rainy season. Now the valley 
of el Palmar, Veracruz and the area of Tabasco 
Chiapas, in the south of Mexico, are the regions 
where rubber is being planted”. 

Mexico has the most active locally 
financed program of assistance to the 
small holders of rubber plantings that 
has yet b(‘en established in the Americas. 
It is the expressed aim of the agricul- 
tural authorities of that country to pro- 
duce enough Hevea rubber in Mexico to 
meet the needs of their rapidly develop- 
ing rubber manufacturing industry. 
They Avish to protect their transjiortation 
facilities from future shortages of tires 
if a new emergency interferes with sup- 
plies. This report (“Caucho”) also re- 
fers to the Hevea rubber planted in 
Haiti. The plantings there were largely 
made by the Sociedad Haitiano-Ameri- 
cana de Fomento Agricola (SHADA) as 
a contribution to our emergency sup- 
plies. It is reported that considerable 
portions of the area originally planted 
have been abandoned and that the areas 
which are being maintained amount to 
between 1,400 and 1,600 acres. 

In Brazil Hevea plantations consist 
chiefly of the former plantations of the 
Ford Motor Company, whieh were sold 
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to the Brasdiian government after the 
Ford Company ceased to manufacture 
tires and no longer needed a source of 
raw rubber for its factory operations. 
The plantations were largely made up of 
high-yielding eastern clones which had 
already be^ top-budded with resistanf 
tops. ProJtuction has started on the 
estates, «which contain a tremendous 
amount of valuable breeding stock from 
eastern sources and from all parts of the 
Amazon Valley. The plantations are 
being administered for the Brazilian gov- 
ernment by Dr. Felisberto de Camargo, 
who also is Director of the Institiito 
Agronomico do Norte, at Belem. It is 

certain that under his direction the col- 
\ 

lection of planting material will be de- 
veloped and will produce much valuable 
planting material for the plantations of 
the future. 

Colombia has financed nurseries and 
some extension of Hevea planting in con- 
nection with a colonization program. 
Peru, Nicaragua, Guatemala and Costa 
Rica maintain cooperative experiment 
stations in which propagating material 
of the liigh-yielding clone.s from the East 
and clones for toi)-budding with tested 
resistance are available. In some eases 
plants and budwood from these nurseries 
are given to the planters who wish to 
establish small areas of rubber. Else- 
where they are sold at a nominal cost. 

The United Fruit Company has planted 
high-yielding and top-budded Hevea on 
a plantation scale in Hondur^as, Guate- 
mala and Costa Rica, within its program 
to substitute new cultures for bananas 
on land which will no longer serve for 
that crop. 

Planting has been completed and ex- 
perimental-scale production has begun 
on the 2,600 acre plantation of the Good- 
year Rubber Plantations Company, at 
Cairo, Costa Rica. Results of a tapping 
test made on young top-budded trees of 
about 20, clones were closely comparable 
to the y^ields from thoaame clones when 


they had their own tops and were first 
tapped in Sumatra. Although the top 
used for top-budding had a very low 
potential yield, it apparently had little 
influence on the ability of the tissues 
within the cortex of the trunk to elabo- 
rate latex. Similar results were obtained 
from tapping tests conducted at the Ford 
Plantations in Brazil and among the few 
trees which have been tapped on the 
plantation of the Interamerican Institute 
of Agricultural Sciences, in Panama. 

Local Manufacturers Provide Best 
Market for New World 
Plantations 

The plantations w'hich have been estab- 
lished in various countries of the New 
World have a potential productive capac- 
it3’’ roughly equivalent to the entire out- 
put of rubber in thik hemisphere during 
pre-war j'ears, but they do not increase 
the probable export of raw rubber that 
is to be expected from this region. New 
rubber factories, which at present manu- 
facture the most popular sizes of tires 
and varied mechanical goods, have been 
built in several of the rubber-producing 
countries. The demand of these fac- 
tories for rubber will often increase 
faster than will production from the 
plantations which have so far been estab- 
lished. Increased accessibility of for- 
merly remote areas has been brought 
aboiit by increased demand for agricul- 
tural production, by construction of im- 
proved roads and by the availability of 
“Jeeps” which can negotiate roads that 
were formerly passable only for burros 
.aitfi ox-carts. Even the stand-by of 
transport into wild areas, the ox-cart, 
has been transformed and rides on rub- 
ber instead of rumbling along oh steel- 
rimmed wooden wheels. The demand 
for rubber tires for these carts knew no 
bounds when it was demonstrated that a 
yoke of oxen could haul double the quan- 
tity at a. faster pace on rubber tires, 
when they replaced the narrow steel- 




Fig. ]1. {Upper left). Dr. M. J. Langford (right) pointing out to Mr. J. .T. Blaudin, Dr. K. 
D. Bands and the author, the superior resistance of one clone from a jungle selection. 

Fig. 12. {Upper right). A seedBng «f Herra bra.'iiliensis budded with a bud from a high- 
rielding clone being removed from the nursery bed for transference to the field planting. 

Fig. 1.3. {Lower left). Nurserie-s of root-stocks or of non-resistant budwood can be protected 
from South American leaf-blight if pirHsperly sprayed. 

Fig. 14. {Lower right). All-weather roads are important features in high ;viclding planta- 
tions, for tappers can not carry the latex from a day ’s task in such areas when the tre(*s are mature. 


rimmed wheels. As in the rest of the 
world, new uses are found for rubber 
each year here in its native home. Pro- 
duction that was formerly sufficient no 
longer suffices. The new plantation areas 
will insure that a supply will always be 
at hand, and if this is insufficient for the 
growing local demand it will nevertheless 
be a powerful stimulus to the planting 
of new rubber areas. 


Small Farms Will Provide Much o£ 
the American Rubber Production 

It is improbable that we are to see the 
development of much of the rubber in- 
dustry in tbe American Republics take 
the form of large corporate-owned areas, 
as were the chief production units in 
other regions. The social structure of 
many countries of the Americas, their 
relatively small populati^s. tbe popu- 
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larity of labor legislation and the love 
of land ownership on the part of the 
laborers, all oppose the establishment of 
this type of productive unit. Rubber 
production, to adjust itself to the perma- 
nent economy of these countries, will 
have to come from small family-size pro- 
duction units. Such small-scale produc- 
tion units began their development in 
Malaya and Indonesia after rubber had 
been established as a plantation crop in 
those areas. Produ 9 |ion from the small 
areas has constantlj’- grown at a higher 
rate than has plantation production, and 
it appears probable that, with the excep- 
tion of latex and other products requir- 
ing the attention of a chemist or techni- 
cal man during processing, it will be 
small farms which will produce most of 
the world rubber of the future. 

Rubber as a crop has many attractive 
features for the owner of a small plot of 
land, in the areas where it can be grown. 
When the trees are mature a crop can 
be harvested at any time of year and can 
be converted into cash within one or two 
weeks. The product has a high value 
per pound, it can be stored without seri- 
ous deterioration, market grades are 
easily determined, and the price is clearly 
established by the world market. Trees 
can be tapped intensively to give greatly 
increased yields when there is a sudden 
need for income, or the trees need not be 
tapped and will not suffer if other work 
demands one’s time. Loss of a crop as 
a result of sudden showers wipes out only 
the labor of a single, day, and does not 
destroy the work of a season, as bad 
weather during thfe harvest of a crop of 
beans or rice may do. When the trees 
are mature they require little care, and 
with reasonable caution during tapping 
operations will continue to yield rubber 
for 25 yearns or more. 

Two factors, aside from the normal 
inertia and conservatism of agricultur- 
ists the world over, are chiefly responsi- 
ble for the slow aceeptaoce of rubber as 


a crop among the small farmers of the 
Americas. The lack of capital to sup- 
port the clearing of land, the purchase 
of planting material, and the upkeep of 
the trees through five unproductive years 
is first apparent. This problem was met 
by the Indonesian planters through the 
use of food crops planted among the 
young rubber trees until the latter 
shaded the ground and could battle the 
undergrowth alone. In a series of ex- 
periments on the estates of the Goodyear 
Rubber Plantations Co., in Costa Rica, 
we learned that inter-crops among 
young rubber trees do not give as serious 
competition with the growth of the trees 
as do native plants. Planting, top-bud- 
<ling and growth were all considerably 
improved in areas which were cultivated 
with inter-crops. 

Planting and Budding Technique 

The native planter interested in rubber 
cultivation will find the chief drawback 
connected with this crop, at the present 
time, is that he is incapable of following 
through the many complicated horticul- 
tural practices that are now required to- 
get a resistant and high-yielding Hevea 
tree planted in his property. A nursery, 
preferably planted .with seeds from a 
resistant population,' containing from 
four to eight seedlings for each tree that 
it is ultimately desired to plant, must be 
established a year or more before plant- 
ing begins. At the same time, a few 
stumps budded with high-yielding clones 
are planted to provide multiplication of 
budwood. These must be frequently 
treiited with fungicidal spray, if the area 
is one in which disease is present. Wlien 
the' seedlings are about one-half inch or 
more in diameter they are budded at a 
point about four inches from the ground 
with buds from the multiplication area 
of high-yielding clones, and the top of 
the seedling is cut off to force growth 
from these -buds. The shoot which de- 
velops must be protected with spray until 
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it has brown bark on about six feet of 
the trunk. A bud of a tested resistant 
clone, known to have a high growth rate 
and a low rate of wind breakage (when 
used as a crown), is then budded into the 
top of the high-yielding trunks at a point 
about six feet above the ground. The top 
of the trunk is reraovedi to force growth 
from the resistant bud, and if weather is 
perfect (moist-dull) for planting, the 
budded stumps can be taken to the field 
areas for planting. For more security 
the trees should remain in the nursery 
until there is approximately two feet of 


get the trees in a condition in which they 
can survive with the minimum amount of 
care. 

Plant Breeders Must Combine High 
Yields and Resistance to Encourage 
Small-Farm Planting 

When we obtain from the new crosses 
between Eastern and Amazonian .selec- 
tions, some clones which combine yield 
and resistance to a satisfactory degree to 
give us planting material which will 
produce 1,500 pounds of dry rubber each 
year, and which will not need to be 



Fig. 15. {Left). Tlie partially defoliated appearance of a young rubber tree infested with 
the South American leaf-blight disease. 

Fig. 16. {Right). Corn which has been improved by inbreeding and hybridizing makes a 
profitable inter-crop for young rubber plantations. 


brown wood on the resistant shoot.; The 
tree is now two years old, heavy, and pre- 
sents a problem of needing large plant- 
ing holes, careful planting procedure and 
good weather to insure a full stand. 

Competent horticulturists have a diffi- 
cult time planning the above procedure 
to supply the necessary quantity of 
planting material when the weather is 
suitable and the land cleared for plant- 
ing. The' man who contemplates begin- 
ning his rubber planting with 500 -trees 
or less is completely baffled. Usually he 
will not plant a new crop unless he can 


sprayed or top-budded, we can hope to 
sec a small-farm native rubber planting 
of considerable proportions develop in 
the most suitable areas of the Americas. 
Until such material is ready for distri- 
bution small areas will be planted with 
rubber only in countries which distribute 
planting material that is already top- 
budded, or supervisory and technical 
service which constantly checks to see 
that spraying and budding are done at 
the proper time and with correct mate- 
rials. 

The small-scale planter can process his 
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rubber into smoked sheets and make a 
product, that answers the requirements 
for the major uses of rubber with cheap 
and simple equipment. It is necessary 
for him only to g:et the latex to the 
coagulating tanks or pans without in- 
cipient coagulation, to strain the latex 
several times, to settle out particles of 
sand, and to use a uniform amount of 
acid for coagulation ; all this to turn out 
a quality of rubber equal to that made 
with the best processing machinery and 
acceptable in the market at top prices. 

We have diseussed the advantages of 
rubber for the man who plants from one 
to five hectares of rubber which he can 
care for and tap with the members of 
his. family. He has no need to consider 
the charges for hospitalization, over- 
time, vacation or dismissal pay that 
social legislation requires of those who 
hire labor. Can plantations compete 
with, him? We can answer only that 
they have always been able to do so in 
the rubber areas -of Malaya and Indo- 
nesia, where the two were adjacent. This 
was made possible by the research which 
was maintained by the estates. They 
.utilized labor-saving practices, improved 
planting materials, selective thinning, 
factory and transportation machinery 
and other means of lowering production 
costs. The owners of the small-scale 
units at no time developed any of these 
labor-saving practices arid seldom bor- 
' rOwed the practices which were found 
effective on the estates beside them. This 
lag in the use of improved planting ma- 
terials and practices on the part of the 
• small, farms gave the plantation operator 
a sufficient margin of efilciencjif- to cover 
his costs for management and research 
with enough margin to frequently per- 
mit a profit. Important as research was 
to the estates in the Malayan region, it is 
essential to plantations which will be 
planted in the Americas. High labor 
costs, relative to former costs in the 
Malayan area, can ‘'be offset' only by 


planting new plantations for the mini- 
mum capital outlay, planting them with 
material which will combine high yields 
with resistance, and by the use of only 
the most efficient production methods. 
Continuous research will be required to 
maintain an advantage that is gained 
over competitive areas, whether the com- 
petitors are adjoining small estates or 
large plantations in other places. 

There is another reason to look for- 
ward to the maintenance of rubber pro- 
duction from a certain number of plan- 
tations of medium or large size. There 
has been a considerable increa.se in the 
number of uses for rubber during the 
past few years, and the Americas are 
more available to our factories than are 
other producing areas. Many of the new 
uses require that the rubber processing 
start almost as soon as the latex leaves 
the tapping cut. For example, in the 
preparation of liquid latex, an anti-co- 
agulant is often added to the cup. Use 
of liquid latex, either in jxatural or con- 
centrated form, for the preparation of 
latex-foam rubber for upholstery was one 
of the fastest-growing new uses of rubber 
before the war. The latex for this mate- 
rial must arrive at the manufactories 
without the slightest incipient coagula- 
tion. The clone, ..the tapping-system, the 
weather and the time of arrival of the 
latex at the processing center all affect 
the quality of the latex and the amount 
of anti-coagulant to be added. All fac- 
tors must be as favorable as it is possible 
to get them to deliver a superior latex to 
the factory. Sufficiently close control to 
get this latex in satisfactory condition 
usually requires a well-staffed plantation 
organization with a chemist always cheek- 
ing procedure. The small-scale planter 
can not provide this care. Other prod- 
ucts, such as rubber-sheets or latex with 
low-water absorption, soft rubber, crumb 
rubber and rubber Suitable for the 
preparation of clear films for the pre- 
vention of humidity exchange in prod- 
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Fig. 17 . Three-element Hevea trees in plantation. Below the bulge near the ground is a root 
of resistant stock. Between this lower bulge and the curved portion of the tree slightly above the 
head of the man is a trunk of a high-yielding, non-resistant clone. The top of the tree is of an- 
other clone which is resistant to the lekf -blight. {Courtesy Dr» E, W, Braudes, U, S» Bureau of 
Plant Industry,) 
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nets ranging from delicate foods to air- 
plane engines, all require the assistance 
of a technical staff in their preparation. 
Other products were being developed be- 
fore all natural rubber was required for 
war equipment, and we can look forward 
to the appearance of many new uses of 
rubber when fresh latex is again avail- 
able to our chemists. 

In many of these uses synthetic mate- 
rials have not been successful in replac- 
ing the natural product. It will still be 
necessary to have available a suitable 
quality of fresh' latex of the necessary 
specifications if we are to continue to 
keep up with the new uses w'hich have 
been found for some of these rubber 
articles. At the present time the plan- 
tations which are reopening in Malaya 
are again becoming the source of this 
latex for specialized products. Western 
Hemisphere sdiirces have not yet achieved 
sufficient productive capacity to meet the 
demand from the production of these 
articles, and cannot do so until planta- 
tions are much larger than any which are 
So far established. 

Will the demand for autonomy extend 
to Malaya? Will we continue to have a 
trade with that area in sufficient volume 
to permit the former low freight rates? 
Will the demand for increased wages in 
Malaya offset jmesent low production 
costs? Will trade restrictions interfere 
with the free access to these areas, and 
will our technical workers beipennitted 
freedom to work there? It is in the 
answers to these political and economic 
questions that liea the immediate future 
of the use of rubber in our newer prod- 
ucts. In their solution we will te able 
to find the apswer to' our question, Is 
there a profitable future for rubber plan- 
tations in the Americas? 

A greater amount of clairvoyance or 
skill in prophecy than is possessed by the 
author will be required to assure us that 
trade apd production ^'Malaya will be- 
eoifipe re-instated on a tii^s t^at will per- 


mit uninterrupted supplies of these 
essential grades of rubber to reach us 
from, that source. Renewed difficulty in 
getting supplies from that already-estab- 
lished source will become the basis of 
further interest in building an alterna- 
tive source from plantations in the 
Americas. 

Many Factors Favor Permanent 
Hevea Plantations in the 
Americas 

We now know that it is possible to 
establish these plantations in the tropical 
portions of the Western Hemisphere and 
to obtain from the trees in them similar 
or even better growth and yields than 
we had in our best plantations in Indo- 
nesia or Malaya. Slight increases in 
planting costs will protect the trees dur- 
ing their lifetime ffom the principal dis- 
ease of Hevea, caused by Dothidella ulei. 

Productive life of trees planted in 
plantations of the Americas will proba- 
bly be -much longer than that of trees in 
the Eastern plantations, and the cost of 
miaintaining the trees in a healthy con- 
dition will be considerably less here. For 
some reason that has not yet been dis- 
covered, the Fames group of root diseases, 
which greatly shortened the producing 
life of rubber treej both in the Asiatic 
tropics and in A^ica, has not damaged 
Hevea trees in the plantations of the 
Western Hemisphere to a serious extent. 
Other pathogens that were at times seri- 
ous and difficult to control in the Bast, 
e.g., Corticium salmonicolor (Pink Dis- 
ease) and Oidium sp., do not appear to 
ba<as virulent in the tropical areas of this 
hemisphere. 

• ’.The end of the war and of the emer- 
gency in the supplies of natural rubber 
from former sources finds us with a small 
but firmly established rubber-plantation 
industry in the tropical countries of the 
New World. Generally this new indus- 
try is in the hands of governmental or 
industrial agencies' which are sufficiently 
well financed to insure that the areas will 
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be maintained until they are able to oper- 
ate from profits. Expansion from this 
nucleus into a major new plantation in- 
dustry for the Americas will without 
doubt await the solution of the political 
and social problems of the areas of Tndo- 
jiesia Avhich contain a major portion of 
our former rubber-producing; planta. 
tiojis. Growth of a demand for a reliable 
source of latex and rubber for new i)rod- 


ucts, and of the requirements within 
Latin-America for a raw material for 
local rubber factories may be sufficiently 
rapid to force new j)! anting: in this area, 
even before the future economic status 
of raw rubber in the workVs markets is 
fully established. 

Rubber as a plajiitation crop for the 
Americas has beeni established and Wfll 
remain. 


Utilization Abstracts 


Insecticide from Southern Pine 
Stumps. In 1940, one year before Pearl 
Harbor, the Hercules Powder Conij)any an- 
nounced the production of ‘‘Thanite,’’ an in- 
secticide made from southern pine stumps 
and named after the Greek word “thanalos” 
meaning “death.” In chemical parlance 
Thaiiite is the isobornyl ester of thiocyanate, 
a terptUK* derivative obtained from stumps 
of pirn* trees as part of the wood naval stores 
industry. In this industry pine stumps, after 
l)<*ing lifttnl, are shredded by machinery and 
then extracted to yield a wide variety of 
products, mainly rosin, pine oil and turpen- 
tine. It is from the last of these that Thaii- 
ite is derived. The investigations which led 
to the discovery resulted from efforts to find 
among the derivatives of pine oil and tur- 
pentine, either an activator for the commonly 
used pyrethrum or a derivative Avliich of 
itself would serve as an effective mse^pacide 
and render American industry independent 
of foreign sources of pyrethrum. Japan had 
long been the single large source of this *i pray 
material, imported into this country as an 
extract. The British Kenya Colonies in 
Africa were a secondary source. Involved 
in the research that led to this development 
were Kansas State College, University of 
Delaware, University of Florida, Rutgers 
University, Cornell University and scientists 
of the U, S. Department of Agriculture and 
of other insecticide manufacturers than the 
Hercules Powder Company. (L. P, KiUilea, 
Chemurgic Papers, 1946, Series No. 3, No. 
450). 


Vegetable Oils in Soaps. In 1945 the 
Amerit'an soap industry consumed more than 
two Jiillion pounds of oils, fats and fatty oils. 
Of this amount, 250,000,000 pounds were de- 
rived from vegetable sources; the remainder 
from tallow, grease, fish and imported oils. 
Before the war the manufacturers of liquid 
or paste soaps (which cannot be molded into 
cokes but are shoveled out of a barrel and 
dissolv(*<] for use as a liquid out of dispens- 
ers) used principally imported coconut oil 
and potash as well as various other oils from 
foreign plant sources, viz., tea seed, rubber 
seed, hemp seed and Japan wax. These bland 
oils were preferred because of their high 
lauric acid content providing the two in- 
gredients “glyceryl laurate” and ‘‘glyceryl 
inyristate” which give rich sudsing and quick 
lathering ])roperties. Cohune nuts [Orbig- 
nya Cohune] from Mexico and Honduras, 
babassu nuts [Orhignya speciosa] and muru- 
mura nuts [Astrocaryurti Murumura] from 
Brazil provide similar oils. 

The great need for these bland oils could 
possibly be better met by greater utilization 
of farm- and orchard-produced seeds, nuts, 
fruits and beans in America — tomato, grape, 
walnut, pecan, apricot, prune, grapefruit, 
orange, peach, iririon, cotton, peanut, corn, 
soybean, olive, perilla, castor, sunflower, 
sesame and avocado. 

A good substitute for the bland fatty acids 
derived from seeds and nuts, is tall oil, a 
by-product of the paper-pulp industry. 
{D. J. Bachrach, Chemurgic Digest 5(13): 
232. 1946). 



Effects of Manuring on Growth and Alkaloid 
Content of Medicinal Plants 


Nitrogenous fertilisers, in particular, have been 
found to stimulate growth and intrease the alkaloid 
content of Atropa Belladonna. 

G. M. JAMES 

Oxford Medicinal Plants Scheme, Oxford University 


Introduction 

The effects of manuring with organic 
manures and inorganic fertilisers on al- 
kaloid-forming plants have been studied 
in considerable detail during this cen- 
tury because of the important medicinal 
products which are obtained from many 
of these plants. Most of the work came 
from the continent of Europe, and some 
from the U.S.A., but of recent years the 
urgency of war has stimulated work in 
Great Britain also, and it may be of in- 
terest to workers in the U.S.A. to have 
the European work, including recent 
work in Great Britain, summarised as 
well as that of their own country. In 
the present paper it is proposed to deal 
especially •with the alkaloid-producing 
drug plants, with only brief reference to 
relevant work on other alkaloid-produc- 
ing plants such as tobacco. 

Most of these plants, including Atropa 
Belladonna L., Hyoicyamus niger L. and 
Datura Stramonium L., will grow in 
North Temperate regions, and are culti- 
vated in both Europe and North America ; 
they also grow as native or naturalised 
wild plants in parts of both continents. 
Cinchona is, of ccmrse, tropical in ita 
habitat, and is cultivated in the more 
tropical parts of the U.S.A. and of the 
British Commonwealth and U.S.S.R. ; it 
is still coUected in its native habitats in 
the Andes. 

As early as 1908 Carr and Reynolds 


were publishing work on the cultivation 
of Atropa Belladonna in the U.8.A., and 
about the same time several workers in 
Germany, Austria and Hungary were 
investigating the effect of farmyard 
manure and “artificial fertilisers” on the 
alkaloid drug plants. At an early stage 
it became evident that at least three 
separate effects had to be taken into ac- 
count : the effect on growth of the plants 
and so on the total yield of the plant 
material; the effect on the alkaloid con- 
tent of the plant expressed in milligrams ; 
and the effect on the “assay”, or alkaloid 
content, expressed as a percentage of- the 
dry weight of the plant. These three 
aspects will now be considered in more 
detail. 

^ * ‘ 

( 

Effect of Manuring on Growth 
and Yield 

Most of the earlier work in Europe was 
concerned with Datura Stramonium and 
Hyoscyamus niger, presumably because 
Atropa Belladonna grows so freely as a 
wild plant that its cultivation was con- 
sidered to be of minor importance. 
There is very general agreement that J;he 
"effect of farmyard manure tmd other 
nitrogenous fertilisers of various kinds 
is to increase the growth of individual 
plants in both species ^nd so to increase 
the total yield of plant material. In 
1911 yields from Daiura Stramonium 
were reported as increasing from 23 kg. 
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per 100 square metres on unmanured 
land to 33 kg. per 100 square metres on 
land which had been dunged with farm- 
yard manure (15). The investigators 
also reported that such treatment in- 
creased the ash content of the material 
from 16% to 18% of the dry weight. 
These results were confirmed and ex- 
tended in 1923-1924 by others (9) who 
tried the effect of cow manure and also 
of A'arious nutrient salts, and found that 
rich nitrogen manuring of all types tends 
to raise the yield. In 1930 Boshart (1) 
again reported increased yields as a re- 
sult of dunging, but emphasised the facts 

TABLE I 

EPFKCT OP MANORIAL TREATMENTS ON DRY 
WEIGHT OP Batura Stramonium 
AND H }/oscyamii8 niger 




Total harvest in gm. 

Treatment 

D, Stra- 

JI. niger, 

//. niger, 


monium 

annual 

biennial 

No addition 

290 

430 

560 

P 

310 

450 

510 

K 

320 

420 

470 

N 

270 

570 

730 

NK 

280 

600 

830 

NP 

370 

590 

700 

PK 

260 

500 

690 

NPK 

350 

630 

700 


that balanced manuring is neces.sary for 
healthy growth, and that unbilanced 
manuring, especially with potasshim but 
also with phosphorus and magnesium, 
may lead to a decrease of yield. .Others 
(5) in 1932 confirmed the importance of 
balanced manuring for healthy growth ; 
working with Datura Stramonium and 
Hyoscyamus niger, both annual and bi- 
ennial forms, they used a soil poor in 
humus, dunged the previous year, con- 
taining 10.47% CaCOs, 0.2% N, 0.14% 
PaOs, 0.57% K 2 O, and added nitrogen, 
phosphorus and potassium fertilisers; 
nitrogen was applied as NaNOg equiva- 
lent to two grp. N per square metre, 


phosphorus as superphosphate equiva- 
lent to six gm. PgOs per square metre, 
and potassium as various potash salts 
equivalent to four gm. KgO per square 
metre. The dry weight as total harv^eSt 
in grams is given in Table I. 

From these figures it is evident that, 
although nitrogen manuring usually in- 
creases yield, especially with Hyoseya- 
mus, unbalanced manuring with other 
nutrients tends to decrease yield, or only 
to increase it by a comparatively small 
amount. The balance between the three 
nutrients is a much more important 
factor, especially the balance between 
nitrogen and phosphorus with Datura 
Stramonium, and between nitrogen and 
potassium with both forms of Ilyoscya- 
mus niger. 

In 1936 a review of experimental work 
(4), especially in Austria and Prance, 
on a number of drug plants, including 
Datura, Atropa, Hyoscyamus, Aconitum 
and Lolclia, stated that it was generally 
agreed that in all these genera, manur- 
ing, especially riidi nitrogen manuring, 
increases growth and so yield of plant 
material. Organic manures, such as 
horse manure and fertilisers of the type 
of nitro-lime, are especially effective with 
Atropa Belladonna. Work reported in a 
later review' (3) showed that ammonium 
sulphate or calcium nitrate is just as 
effective in stimulating growth of these 
plants as stable manure or compost. 
Dafert also reported a series of experi- 
ments by Salgues on a variety of plants, 
growing on different types of soil. The 
plants included Hyoscyamus niger, Col- 
chicum autumnale and Aconitum Napel- 
lus, and Salgues was able to show that 
the type of soil and also the age of the 
plant had a very definite influence on the 
effect of a particular manure. For ex- 
ample, a series of experiments was car- 
ried out with Hyoscyamus niger (bien- 
nial), using nitrogen, potassium and 
phosphorus fertilisers with an unma- 
nured plot as control ; four types of soil 
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were used, containing (a) silica and 
lime, (b) silica and clay, (c) clay and 
lime, and (d) silica only. In the first 
year the highest yield of leaves per plant 
on silica-lime soil came from the unma- 
nured plot; on silica-clay soil from the 
nitrogen-manured plot ; on clay-lime soil 
from the nitrogen-manured plot ; and on 
siliceous soil from the nitrogen-manured 
plot; in the second year the potash-ma- 
nured plot on silica-lime gave the highest 
yield and also on siliceous-clay soil. On 
clay-lime soil nitrogen manuring was 
again highest, but potash was best on 
siliceous soil. In the present author’s 
opinion it is doubtful that a sufficiently 
large number of replications was used to 
give really reliable results, but this series 
of experiments is useful in indicating the 
great importance of the, nature of the 
basic soil in practical cultivation. In 
experiments with Colchieum, phosphorus 
gave better yields than nitrogen, espe- 
cially on limeicontaining soils. 

Dafert reported that in his own ex- 
periments manuring generally led to in- 
creased yield of green plant material and 
that the most beneficial manurial sub- 
stance depended on the particular plant 
in question. 

In 1939 Ozterov (17) reported that 
application of potassium nitrate to plants 
of Cinchona succiruhra raised from vege- 
tative cuttings increased the yield, 
whereas ammonhlm salts may lower 
yield, owing to damage to the plant. 
Yield was also increased by phosphorus, 
but most of all when a correct balance 
was obtained between nitrates and phos- 
phorus salts. He also reported consid- 
erable variation, in the effects sho'vm on 
soils of different types, thus coMrming 
the work of Salgues with other alkaloid- 
forming plants. 

In 1942 W. 0. James, working at Ox- 
ford, England, reported the results of a 
series of field experiments and pot cul- 
tures with Atropa Belladonna. In the 
field plots on a clay-lime soil, half were 


top dressed with sulphate of ammonia at 
the rate of 1^ cwt. per acre, applied dur- 
ing the second half of May. The plants 
wer.e second-year plants and were 
sampled and cut down at the end of the 
first week in July. They sprouted again 
rapidly, especially on the dressed plots, 
and were cut again during the second 
week in September. No significant dif- 
ference was found between manured and 
unmanured plots in the first sampling, 
but in the second sampling, the dry 
weight of leaf per plant was increased 
by 68%, on the average, on the plots 
dressed with sulphate of ammonia, and 
the number of new sprouts per plant was 
increased by 30%. In the pot experi- 
ment a good alluvial soil mixed with an 
equal volume of washed sand was used 
as a base, and seedling plants were used. 
When they were -established, half the 
pots were dressed with ammonium sul- 
phate (13 gm. per pot), and the dressing 
was repeated in June and again in Au- 
gust.- On hot days during July and 
August the i)lants in the dressed pots 
tended to wilt, while those in undressed 
pots did not, but by the end of August 
the growth of the plants which had a 
dressing of sulphate of ammonia was 
much greater than that of the plants 
which had no dres^qig. • The plants were 
harvested at thji#» time and the dry 
weight per plant' was increased from 
eight gm. with no addition of sulphate 
of amnionia to 20.3 gm. with sulphate of 
ammonia. In 1943 a field experiment 
was carried out with top dressings of 
sulphate of ammonia at the rate of 0, 1, 
2, ^4 cwt. per acre and the results are 
suinmarised in Table IT. 

It is evident from these figures that 
ammonium sulphate causes an increase 
of yield with moderate dressings but a 
fall at higher concentrations. A pot ex- 
periment was carried out at the same 
time using seedling (first year) bella- 
donna plants and four different nitro- 
genous fertilisers — sulphate of ammonia. 
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TABLE II 

EFFECT OF SULPHATE OF AMMONIA ON DRY 
WEIGHT OF Atropa Belladonna, 

DATA OF W. O. JAMES et al. 


Cwt. 

per acre .0124 
Gm. d.w. per 

plant 26.3 30.3 24.8 ' 24.7 


nitrate of soda, nitro-chalk, dried blood 
— and a control set with no additional 
nitropen. The top dressinps were calcu- 
lated to provide the same weight of nitro- 
gen. Table III summari.ses the dry 
weights obtained. 

It is evident that all the nitrogenous 
fertilisers caused large increases of 
growth of stem and leaves, which is in 
agreement with the results of earlier 
workers; but fertilisers containing nitro- 
gen in the form of ammonia, such as 
ammonium suli^hate and nitro-chalk, 
cause a decrease in dry weight of roots, 
whereas other nitrogenous fertili.sers 
cause a marked increase. 

Experiments reported in 1944 and 
1945 with the mineral fertilisers potas- 
sium. calcium and phosphorus, supplied 
in addition to nitrogen, indicate that 
these elements have little elfect on growth 
compared with nitrogen, though lack of 
pho.sphate seems to involve poorer leaf 
development, and lack of calcium a 

TABLE III 

EFFECT OF VAKiOtlS NITEOGENOtlS FERTII.ISERS 
ON DRY WEIGHT OF Atropa Belladonna. 

DATA OF W. O. JAMES, RF.ARRANOF,D 


Gm. Gm. Gm. 

d.w. d.w. d.w. 

Treatment of leaf of stem of root 



per 

plant 

per 

plant 

per 

plant 

No nitrogen . 

9.8 

4.9 

23.1 

Nitrochalk 

23.2 

11.9 

21.7 

Ammonittm sulphate 

23.6 

10.4 

22.3 

Sodium nitrate 

20.9 

11.9 

35.1 

Dried blood 

23.2 

10.7 

25.0 


poorer root development, James con- 
firms the emphasis laid by earlier work- 
ers on the need to secure a reasonable 
balance when mineral fertilisers are used, 
as well as rich nitrogen supply. 

To summarise, it may be said that 
there is very general agreement that 
rich supplies of nitrogen increase growth 
of stem and leaf, and so tend to increase 
the yield of plant material, but that high 
concentrations of nitrogen in the form 
of ammonia may cause decrease of yield, 
and especially a decrease in the dry 
weight of roots produced. Other min- 
eral elements have much less effect on 
growth than nitrogen, but phosphorus 
tends to increase growth slightly in most 
of these plants, and there is some indica- 
tion that calcium may have a similar 
effect on the root systems, especially of 
Atropa Belladonna. In all the more 
recent work it is emphasised that a bal- 
anced fertiliser is essential for healthy 
growth, ..nd that overmanuring with any 
one substance (except perhaps nitrogen 
in the form of nitrate) may be harmful. 
The effect of all mineral fertilisers is 
greatly influenced by the composition of 
the soil in which the plants are growing, 
and po.ssibly also by the age of the plant. 
Others (14. 21, 22) have also shown 
recently that the pH value of the soil has 
an important effect on the growth of 
Atropa Belladonna and other alkaloid- 
forming plants, although another worker 
(16) in 1928 found little effect of pH 
w’ith tobacco plants. 

Effect of Manuring on Alkaloid 
Content 

Kesults of work investigating the effect 
of various manures on the alkaloid con- 
tent of these plants are much less con- 
sistent than those dealing with growth 
and yield. The alkaloi4 content may be 
expressed as a percentage of the dry 
weight of the plant material, as in the 
official methods of assay, or it may be 
given as milligrams of alkaloid per plant 
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or per square decimetre of leaf surface, 
and various workers have expressed their 
results in different ways. 

Before considering the effect of ma- 
nuring on alkaloid formation it is essen- 
tial to point out that changes in the dry 
weight of the plant will affect the “as- 
say”, or alkaloid expressed as a percent- 
age of the dry weight, even if there is 
no change in the rate of alkaloid forma- 
tion or in the amount of alkaloid accumu- 
lated in the plant. Thus an increase in 
dry weight, with no change in alkaloid 
formation, will cause a decrease in “as- 
say”, while a decrease in dry weight will 
cause a corresponding increase in “as- 
say”; it follows that assay values are 
not a satisfactory basis for the study of 
changes in the amount of alkaloid stored 
by the plant, unless corresponding 
changes in dry weight are also known. 
This is rarely possible in an experimental 
study extending over a period of time, 
and a safer basis for comparison is the 
total alkaloid content, expressed as mil- 
ligrams per plant. This fact has often 
been overlooked in published papers, and 
erroneous conclusions have often been 
drawn from “assay” valuiisjl as a n^ult. 

In a paper already referred to , it 
was reported that dunging withf^^rm- 
yard manure had no significant effect on 
the assay of Datura Stramonium, but 
some years later the view was expressed 
(9) that nitrogen' manuring favours al- 
kaloid production in this species. After 
further investigation the latter author 
(1) came to the conclusion that unbal- 
anced manuring leads to a decrease in 
alkaloid formation, especially with potas- 
SBum salts. In 1932, in the series of ex- 
periments described in the pi^ceding 
paragraph (5), analyses of experimental 
plants of Datura and Hyoscyamus con- 
firmed the need, for balanced manurial 
treatment. Nitrogen manuring appears 
to favohr alkaloid formation, especially 
in the biennial form of Hyoscyamus 
niger, as both assay and total alkaloid 


are increased ; the total alkaloid in- 
creases from 83 mg. to 117 mg. per 
square metre, and the assay from 
0.0135% to 0.0152% ; these figures are 
the means of four experiments quoted in 
each case. With the annual form of 
Hyoscyamus the alkaloids increased from 
66 mg. to 83 mg. per square metre, but 
the assay decreased from 0.0146% to 
0.0139%. With Datura Stramonium 
there was no significant difference in 
either assay or total alkaloid as a result 
of nitrogen manuring. Unbalanced 
manuring with potassium or phosphorus 
gave very erratic results, with a slight 
indication of lowering of both assay and 
alkaloid content, especially with Datura 
treated with potassium. In their sum- 
marising report of 1936, the authors say 
that there is general agreement that as- 
say is little affected by nitrogen manur- 
ing in both Datura Stramonium and spe- 
cies of Aconitum, but that in Lobelia 
there is a small but definite reduction’ of 
assay ^ as a resxilt of nitrogen manuring. 
As pointed out earlier in this section, 
this might be a result of an increase in 
dry weight, with no change in alkaloid 
formation. Atfopa Belladonna and Hy- 
oscyamus niger seem to behave alike, and 
results reported by different workers are 
contradictory. t*ittle or no effect is 
found by some iftVestigators, while others 
report increase of assay with heavy 
nitrogen manuring. Boshart and Klan 
agree that unbalanced potassium tends 
to reduce alkaloid content, and Klan 
adds that phosphorus, magnesium and 
calcium also decrease assay unless in 
balanced mixtures. In a later report 
Dkiert (3) devoted considerable at- 
tention to a long series of experimental 
results publii^ed by Salgues, which in- 
dicates a possible explanation of the 
contradictory results published by earlier 
workers. Salgues used various types of 
soils as culture media and then added 
different manures, and was able to show 
that the effect of the manurial treatment 
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was very greatly infltienced by the type 
of soil. His results indicate that with 
biennial Hyoscyamus niger nitrogen 
manuring leads to an increased assay 
only on heavy clay-containing soils, but 
that on light soils, without clay, and with 
or without lime, there is a decrease in 
assay as a result of nitrogen manuring. 
There is a consistent reduction of assay 
with unbalanced potassium manuring, 
and either reduction or very little effect 
with unbalanced phosphorus. Salgues 
also noted an age effect; the differences 
were greatest in the first year of growth, 
and much less in the second year. 

The effect of the manurial treatments 
also varied with the different species ex- 
amined, and also in different parts of the 
plant. For example, phosphorus manur- 
ing gave better results than nitrogen 
manuring with Colchiciim, and this ef- 
fect was especially noticeable in soils 
containing lime. With Aconitnm the 
alkaloid content of the tuber was in- 
creased as a result of added potassium, 
though only if there was sufficient phos- 
phoric acid present also; the alkaloid 
content of the leaves was most increased 
by application of nitrogen. 

Preliminary experiments by Chanduri 
were also quoted in this review, indicat- 
ing an increase in alkaloid content of 
Atropa Belladonna as a result of treat- 
ment with the ammonium salt of aspara- 
ginic acid, but this result seems tlo be of 
more theoretical than practical Value at 
present. 

Dafert himself considers that normal 
balanced manuring does not usually in- 
crease the alkaloid content of these 
plants, but that such an increase is usu- 
ally due to unbalanced manuring with 
the particular nutrient that best suits 
the plant concerned. 

It is of interest at this point to note 
that several workers {e.g., 6, 16) have 
reported considerable increases in the 
nicotine content of tobacco leaves as a 
result of nitrogen manuring, especially 
with ammonium salts. Dawson states 


that heavy doses of ammonium salts may 
cause ammonia damage to the plants, but 
that in spite of this the percentage of 
nicotine, is high. 

The reports of the Oxford Medicinal 
Plants Scheme, whose research work is 
directed by W. O. James, show consistent 
increases in both assay and total alkaloid 
in Atropa Belladonna, growing on clay- 
lime soils as a result of nitrogen manur- 
ing. In 1942 a mean increase in assay 
from 0.44% to 0.48% was reported for 
plants grown on field plots, and from 
0.21% to 0.30% for plants grown in pot 
cultures. The total alkaloid increased 

TABLE IV 

EFFECTS OF DIFFERENT RATES OP APPLICATION OP 
AMMONIUM SULPHATE ON THE ASSAY AND 
TOTAL ALKALOID CONTENT OP PLANTS 

OF Atropa Belladonna, data 
OP .7 AMES et al. 


Cwt. (NH,)sS 04 

per ar-e . 0 1 2 4 

?-hyosc.vamine 

% I).W. = assay 0.29 0.30 0.35 0.47 

Total alkaloid ex- 
pressed as nifx. 

/-hyoseyamiiie 

per ])lfint 76.3 90.9 86.8 118.1 


in the pot culture plants from 17 mg. per 
plant to 60 mg. per plant, this figure 
being the mean of ten experiments. In 
1943 the experiments were designed to 
test the effect of different strengths of 
top dressings of ammbnium sulphate, 
and showed that assay -and total alkaloid 
values rise, even with applications of 
ammonium sulphate which decrease the 
yield. This is clearly shown if the data 
given in Table IV are compared with 
those in Table II. 

The effect of nitrogen manuring on 
alkaloid content in Atropa Belladonna 
being so striking, a series of experiments 
was carried- out to determine whether 
different types of nitrogen fertilisers 
showed different effects. Effects on 
growth have been discussed earlier in the 
present paper, and tbe on assay 
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and total alkaloid content of different 
parts of the plant are summarised in 
Table V. . 

\ It is evident from these figures that 
all types of nitrogen fertiliser cause in- 
crease in both assay and total alkaloid 
per plant, although they do not always 
have a favourable effect on the dry weight 
(see Table III). The fertilisers which 
contain nitrogen in the form of ammonia 
(nitro'chalk and ammonium sulphate) 
gave smaller increases than those which 
do not contain ammonia (sodium nitrate 
and dried blood). In spite of the unfa- 
vourable effect on growth noted earlier of 


that the effect of these substances on al- 
kaloid content is much less than the effect 
of nitrogen. The figures quoted in the 
reports for 1944 and 1945 indicate that 
assay is lowered by addition of unbal- 
anced potassium in Atropa Bellacl,onna 
and raised by addition of phosphorus. 
Calcium seems to have little or no effect 
on formation of alkaloid in this plant, 
although with clay-containing soils espe- 
cially it has an effect on the general 
growth of the plant. 

It is interesting to note that Ozerov 
(17) reports that with Cinchona plants 
raised from vegetative cuttings nitrogen 


TABLE V 

THE EFFECTS OF VARIOUS NITROGEN TREATMENTS ON DIFFERENT PARTS OF THE PLANT OF 

Atropa Belladonna, pot cultures, data from w. o. .tames et aL 1943 


Assay % 

Treatment 

Leaf Stem 


No nitrogen . .. 

0.21 

0.21 

Nitro-chalk 

0.29 

0.24 

(NH,)^0* 

0.30 

0.27 

NaNO, . . 

0.40 

0.28 

Dried blood 

0.42 

0.24 


Mg. alkaloid jier plant 

Eoot 

Leaf 

Stem 

Boot 

Whole 

])la^it 

0.31 

20.8 

10.3 

71.6 

102.7 

0.45 

P7.7 

28.3 

94.6 

190,6 

0.42 

70.8 

28.1 

83.8 

192.7 

0.39 

83.6 

33.3 

136.9 

253.8 

0.53 

97.5 

25.6 

132.4 

255.5 


high concentrations of ammonia-cOntfl^- 
ing fertilisers, both assay and total qpla- 
loid are increased at all concentratftins 
tested at any time. Ammonia damage 
to the plant can often be noticed in the 
form of scorching' of the leaves, easily 
Induced wilting, etc., but in spite of this, 
alkaloid formation increases. 

Experiments with plants on field plots 
instead of pot cultures showed less effect, 
probably because - the untreated plots 
gave fairly high, values, owing to the 
fertility of the soil. The total qi^ntity 
of alkaloid per planl; was always in- 
creased, and more so with nitrate than 
with fertilisers of the ammonia type, but 
the assay was more variable, and even ' 
showed a slight decrease in some cases. 

Experiments with the nutrient ele- 
pients ealeium, phosphorus and potas- 
sium, in addition to nif^gen, indicate 


acts as “a stimulator of alkaloid stor- 
ing” and increases the alkaloid content 
of the plant wheq\^ii; is applied in the 
form of nitrate or , of ammonia, in spite 
of visible damage to the plants, especially 
to young plants, by ammonia. Much 
earlier Broughton (1873) reported in- 
crease of alkaloid content in Cinchona 
mccirubra and C. officmalis when mature 
trees were manured with either gtiano or 
farinyard manure. 

Ozerov also reports that phosphorus 
has little effect on alkaloid percentage or 
wen reduce it. 

Summary 

It may be stated with confidence that 
nitrogen manuring is veiy beneficial to 
the alkaloid-forming plants, especially 
on soils containing a proportion of clay 
and lime ; it is hardly possible for grow- 
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ers to over-manure on such soils with any 
nitrogenous fertiliser; growth of the 
plant is stimulated to a remarkable de- 
gree by such treatment, and in the case 
of Atropa Belladomia the rate of sprout- 
ing after cutting is also increased. Thus 
the crop obtained in any one season is 
increased very considerably as the re^sult 
of treatment with nitrogen. Ammonium 
sulphate may produce damage and even 
a decrease of total yield if applied in 
high concentrations, though it increases 
alkaloid content in spite of this damage. 
Dressings at the rate of 1| cwt. (about 
160-170 lbs.) i)er acre are very beneficial 
to the crop. Other mineral fertilisers 
have very much less effect, but the usual 
balance between nitrogen, phosphorus, 
potassium and calcium produces the best 
results. The effect of calcium on Atropa 
Bcllcuionna seems to be on the general 
growth of the plant and not at all on the 
alkaloid content. 

Too heavy a dressing, qf the elements 
other than nitrogen, on the other hand, 
may have a deleterious effect, varying 
with the particular element and the par- 
ticular plant in question. It seems quite 
clear that the best results are produced 
when there is a reasonable balance be- 
tween the main nutrient elements, com- 
bined with a rich nitrogen sip^ply. 
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UtlHzAtion 

Charcoal. At the pilot plant of the 
Oregon Forest Products Laboratory, experi- 
ments are being conducted on the carboniza- 
tion of wood-waste in the form of headsaw 
sawdust and on the i>roduction of tarbound 
charcoal briquettes. The products are char- 
coal, tar, pyroligneous acid and gas. ‘‘All 
previous attempts in the establishment of a 
wood carbonization plant in the Pacific North- 
west have been confronted by marketing 
problems^’. 

Charcoal is needed for the industrial de- 
velopment of the region, especially in electro- 
chemical and ele.ctro-metallurgical factories; 


Abstracts 

in making carbon disulphide for viscose 
rayon manufacture and for seed fumigants, 
weed eradicator.s and rodent exterminators; 
in iron foundries, alloy steel foundries and 
carburizing ovens; also in poultry feeds and 
as a soil lightener. (JET. G. Bieck^ Jr,, E, G, 
Locke and E, Tower in The Timberman, re- ' 
printed in Chemurgic Digest 5(16): 273, 
1946), 

Peanut Oil. Bulletin 247 of the Georgia 
Experiment Station, issued in 1946, discusses 
the stability of peanut oil and gives a com- 
parison of peanut oil wuth other cooking oils. 
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Hawaiian Wod Plants. ‘Toods used 
by Pilipiuos in Hawaii'' is the title of Bullet 
tin 98 of the University ^of Hawaii Agricul- 
tural Experiment Station, published in 1946. 
{C. JD. Miller, L, Louis and K. Tancusawa). 

Forest Products of Ecuador. During 
the recent World War the forests of Ecua- 
dor w^re the source of most of the world’s 
supply of balsa, as well as of significant 
amounts of rubber, cinchona and kapok. 
With the exception of balsa [Ochroma Lago- 
ptis]f little wood is exported. Though balsa 
grows also in* Colombia, Brazil, Venezuela 
and parts of Central America, Ecuador has 
long supplied 6,0% of the commercial prod- 
uct; in 1942 aid 1943 it was the principal 
forest export of the country, even surpassing 
Panama hats. Before 1941 balsa was used 
for making toys, movie sets, life preservers 
and insulation; since 1941 its uses have mul- 
tiplied, and it became a gftrategic war mate- 
rial in the construction of Mosquito bombers, 
life preservers and rafts. Export of the 
material from Ecuador increased from an 
annual average of about 4i million pounds 
in the 1936-1940 period to over 30 million 
pounds in 1943, since which time the quan- 
tity shipped abroad has dropped. About 
90% of the war-time shipments came to the 
United States. Balsa trees grow 50 to 10 J 
feet tall, but are ready for cutting when only 
two years did; the most economical cutting 
$ge, however, is between six and nine years. 
Nearly all the commercial supply is obtained 
from wild trees, but there is also some plan- 
tation balsa. The logs are floated down the 
rivers of Ecuador as rafts to the saw mills 
near the coast, where they are cut into lum- 
ber, and the latter either kiln-dried or sun- 
dried prior to shipment abroad;, 

Wild^ trees of Castilla elastica have long 
supplied small quantities of rubber for ex- 
port, reaching a |>eak of 6i million pounds 
in 1942, but tlieinaterial has been closed as 
^‘scrap" in world markets. Hevegr brasilien- 
sis, the great rubber species pf Brazil, is' 
Potential source of commercial rubber in the 
country, and in 1941, throi^gh coopc^ration 
of the Ecuadorian and United States Govern- 
t^o bevda nurseries were established 
in ,wh|<di ^^thousands of trees have been pro- 
duced. /frbm bot^ imported and local seeds, 
and Iltdded stumpa budwood of hevea 


trees have been imported and tested for adap- 
tation to Ecuadorian conditions". 

Cinchona bark is obtained mainly from two 
species of tree. Cinchona officinalis with gray 
bark and C. succirubra with red bark. The 
former is sent almost exclusively into Peru, 
while the latter is usually shipped abroad 
from Guayaquil. The bark of C, officincAis 
and of pitayensis, the latter found mainly 
in the eastern cordillera, is at present inac- 
cessible because of inadequate transportation 
facilities. Most Ecuadorian cinchona bark 
comes from wild trees, but a few farmers 
have planted small acretiges with the trees, 
Felling the trees usually begins in August; 
the bark is removed with machetes and dried 
over fires or in kilns. Under war-time de- 
mands exports of the bark rose from 207,000 
pounds in 1942 to 7,000,000 pounds in 1944, 
all of it coming to the United States. Before 
the war Germany and Japan were the princi- 
pal markets. 

Tagua nuts, tha seeds of a palm [Phy- 
telephas macrocarpa^, constitute one of the 
more important minor products of Ecuador' 
The nuts resemble ivory in hardness and dura- 
bility, and have been important primarily 
ill the tnanufacture of buttons, secondarily 
in that of novelty items, e.g,, chess men, dice, 
poker chips, umbrella handles and religious 
ornaments. Plastics are now competing 
strongly with the nuts in the making of these 
items. Wild trees are the sources of the 
nuts. The trees grow in jungle areas from 
Panama to Peru, but Ecuador is the center 
of production. a insult of demands for 
strategic materials during the recent war, 
of tagua nuts from Ecuador declined 
from S6J million pounds per year for 1935- 
1939 to 29i million pounds in 1942. 

Before the recent war Ecuador was second ^ 
to the Netherlands East Indies, particularly 
Java, in the production of kapok fiber, cx- 
|ensively used as a filler in life preservers, 
mattresses, pilloivs and other items for which 
buoyancy, lightness and resistance to xnois- 
4;uire absorption are important. Ninety per- 
cent of the supply formerly came from the 
Indies. The white fleecy fiber is the floss 
produced on the seeds of the ceiba tree 
[Ceiba pentandra] and is boUeeted from trees 
along the coast, Secondaiy products of eco- 
nomic importance furnished by the tree in- 
clude a medisoinaL gum from the trunks a 
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rubber-like substance from the bark, edible 
oil from the seeds, and lumber. Exports 
have varied from 20,000 pounds in 1932 to 
over li million pounds in 1938. 

The bark of mangrove trees (Rhizophora 
sp.), growing up to 150 feet tall in coastal 
sections of the country, is the principal 
source of tanning materials for use in the 
country itself. On the highlands a secondary 
source is a bark obtained on the i>aramos and 
known as ^^casca”. More than 6i million 
pounds of bark are extracted annually, and 
nearly 8 million more pounds used in local 
tanneries. 

Panama hats, made from the leaves of the 
toquilla plant {Carludomca pahnuta), have 
long been a staple export item of Ecuador, 
reaching an estimated 4,40J,00J hats in 1944, 
second only to rice in export value. Small 
amounts of the straw itself are also exported. 
“Toquilla straw comes from a small fan- 
shaped ‘tree’ without a trunk, which usually 
grows wild on the heavy fertile soils of the 
lowlands. The leaves grow to a length of 
from 5 to 7 feet and must be cut from the 
plant before they open. They are stripped 
of their outer filaments and the remaining 
fibers are dipped into boiling water, dried 
in the shade, and bleached in the sun before 
they are woven into hats. An average of 
approximately one-half pound of fiber is 
used for one hat. The making of the hats 
is a cottage industry, the quantity of fiber 
gathered and processed depending on the 
price for hats^’. (Kathryn H, Wylie^ For- 
eign Agriculture 10(5): 75, 1916), 

Origin of Cucurbits. The problem of 
the origin and subsequent domestl^atiqn of 
the three annual cultivated sj)ecies i-f Cucur- 
bita (C, Repo L., C, nwschata Poir and C, 
ma.rima Duch.) has been reexamined, and a 
domesticated form of C. Repo from south- 
western United States described for the first 
time as distinct from others. The investiga- 
tion endeavored “(o) to point out the essen- 
tial differences between the three domesti- 
cated species; (b) to furnish evidence that 
there were at least two independent domesti- 
cations of Cucurbita Repo; (c) to show that 
these separate domestications produced dis- 
tinct varietal types; (d) to correlate these 
findings with previous work so as to con- 
struct a theoretical picture of the relation- 


ships of the entities which exist within the 
domesticated cucurbits’’. (T, W, Whitaker 
and G. F, Carter, Am, Jour, Bot, 33(1 ): 10, 
1946), 

Brazil-nuts. Brazil-nuts [Bertholletia 
ei'cehn], known in Boston as “castanas” and 
in some parts of the southern United States 
as “nigger toes”, are again among Brazilian 
imports into the United States after nearly 
four years of war-time absence. The former 
name, of Brazilian origin, was introduced by 
Yankee skippers of sailing sliip days. 

Brazil-nut trees grow almost exclusively in 
the upper reaches of the Amazon, and the 
nuts are floated down the river in barges to 
Manaos and then on to Belem, where they 
are graded and shipped to Europe and the 
United States. The trees grow 150 feet tall, 
preferably on high land far from the periodic 
overflow of the Amazon and its tributaries. 

The nuts are borne within hard, spherical, 
thick-walled husks weighing two to four 
pounds, each shell enclosing numerous nuts. 
When the fruits ripen and fall they consti- 
tute a serious menace to the natives — “cas- 
tanheiros” — who gather them. 

Displacement of Brazil-nuts by minerals 
and other strategic materials in the exports 
from Brazil duj’ing the war m<‘ant a loss of 
about $15,000,000 so far as the traffic in 
those nuts was concerned. (J, R, Lee^ Brazil 
:J0(6): 2, 1916), 

Japanese Mint. Japanese mint, Mentha 
arvevsis var. piperascerfs, is the only prac- 
tical commercial source of menthol, so ex- 
tensively used in prescriptions, cold remedies, 
cough drops, dentifrices, mouth washes, cos- 
metics and tobacco. The plant is known also 
as “Japanese pepp(*rmint” and “hakka- 
maru”, and is btdieved by some authorities 
to be a hybrid between M, arvensta and M, 
aquatiea. It gi*ows wild in nearly every bit 
of wet ground in Japan from Karafuto to 
Taiwan, and the two main producing regions 
within recent years hsive been the Province 
of Kitanii on the Island of Hokkaido in 
northern Japan, w^here 70% to 80% of the 
Japanese mint oil is produced, and the Dis- 
trict of Sam-bi in southwestern Japan, where 
20% to 25% is produced. The leaves, stems 
and calyces of this perennial herb bear both 
glandular and non-glandular hairs, and the 
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menthol is dissolved in the volatile oil of the 
glandular heads on the hairs bearing them. 

Prior to World War II s^roduotion of mint 
oil and of menthol was one of Japan’s prin- 
cipal chemical industries, and that country 
furnished most of the menthol used in the 
United States which consumes more than half 
of the world’s annual production of about 
one million pounds. 

The flavor of the oil of Japanese mint is 
inferior to that obtained from peppermint 
(Jf. piperita), but it has a higher menthol 
content — 75% to 80% rd'Hipr than 50% to 
55%. This lower eonten^f menthol in the 
oil of peppermint, costly tSw difficult extrac- 
tion of it, and great demand with high prices 
for the oil itself, make it impractical to ob- 
tain natiiral menthol commercially from pep- 
permint. 

Rhizomes, .cuttings from aerial runners, 
and stem cuttings are used for propagation 
purposes; seeds do not breed true. About 
16000 cuttings are planted per acre. {H. W. 
Youngken, Herbarist No. 12. 1946). 

Fats and Proteins from Cucurbits. In 

all parts of the world where squash is grown, 
except in the United States, the oil-contain- 
ing seeds are relished as food and eaten as 
nuts. In the Balkan countries the oil of 
cultivated cucurbits is highly prized as a 
cooking fat, and in China watermelons arc 
grown exclusively for their seeds. 


ThS‘ seeds of cucurbits are rich in fats and 
protein, and the three wild perennial species 
in southwestern United States, ranging from 
Missouri to California and south into Mexico, 
may offer sources of these essentials to the 
natives of those regions and to a fat- and 
protein-hungry world. Those three species, 
existing particularly in the desert, are Cucur- 
bita foetidissima, C. palmata and C. digitata. 
The seeds of the last-mentioned were used as 
food by the American Indian. 

Under cultivation these plants should pro- 
duce approximately 1,500 pounds of seed per 
acre, about one-third of which weight would 
be attributable to the oil content and another 
third to the protein content. 

In the Sahara Desert of eastern Morocco 
the author found a plant of CitruUus Colo- 
cynthis which occupied about 36 square feet 
of ground and produced 63 fruits, 25 of 
which contained exactly two pounds of seed. 
At that rate an acre supporting 1,210 plants 
six feet apart would produce roughly 6,000 
pounds of seed. 

In the seeds of perennial cucqrblts there 
thus is a po8.sibly great source of oil, not 
only for dietary use but also fortnanufacture 
of soap in such needy parts bf the world as 
Mexico, Puerto Rico and North Africa. 
Nothing has yet been done about the matter, 
not even expenn&entally. (L. C. Curtis, 
Chemurgic Digest 5(13): 221. 1946). 
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tea and the western heniis])here now 
furnishes 5 6 of the world’s eoffee. 
lii'azil produces over half of this latter 
total, and Colombia is the larjrest jn'o- 
<hu-ev of mild coffees. Tn vahie eoffee 
is the chief export eroj) and constitutes 
a hif?her i)ere.enta}?e of the total exi)orts 
from Brazil (32%), Colombia (58't. ), 
Costa Rica (53%), El Salvador (76% ), 
(Juatemala (45% ) and Haiti* (37'v ) 
than any other product. It ranks hi{?h 
in 14 of the 20 Latin American I{e|>uhlies. 

In terms of plant {reojrraphy it is in- 
tei'cstiiifj: to note that ecolofrical comli- 
tions of .soil and climate have determined 
the areas of production more than any 
other factors. Tea, native of the Orient, 
has remained lar'/ely in its original and 
a<l.iaceut }'eo<;rai)hic homelands. Coffee, 
native of Africa and India, has been 
<leveloped largely in the western hemi- 
sphere*, especially in South .\merica, 
where none of the* 40 species oriffinateel. 
Of the e.stimated total of 5.‘, billion I'ulti- 
vated coffee trees in the world, over 
four billion are in South America. 
Cacao, native of North America, reaches 
its maximum pi-oduction in the Cold 
( 'oast of Africa. 

The flavor characteristics of the c<tm- 
mercial types of all these beverafre 
sources are due, to a }>:reat de<rree, to the 
ecolo}?ical combinations under which they 
are }>:rown. Tea-te.sters can reco}fuize the 
source <f tea with amazing accuracy; 
and lowland and hifrhland }i:rowu coffees 
also readily reveal their identity by the 
body, acidity and flavor of the cup bev- 
era;re. Production of mate and {ruarana 
has remained in their native habitat of 
Brazil and adjacent territory. Yerba 
matte has a “stroii}*'” or “mild” flavor, 
accordiu}; to the soil composition and 
atmospheric conditions under which it is 
produced. It is obvious, therefore, that 
plant <ieo}!:raphy, a|?rictiltural phases of 
botanical science and the effect of these 
heverafjes upon the physical health of 
the consumers, together with the prob- 


lems of international economy, form a 
comjdex network of major importance to 
the well-being of the world’s populations. 

Tea 

Production and Consumption. For 

16 centuries tea drinking has been on the 
im-rease until world pnxluction today is 
annually tw*o billion pounds. It is still 
cultivated largely in its original geo- 
gra])hic distribution in the Orient. 
China is the Xo. 1 producer, but India 
is the Xo. 1 exporter and the No. 2 pro- 
ducer. Ceylon is No. 3 in tea crop pro- 
<luctiou but No. 2 as a source of IT. 8. 
tea. LJ. 8. imports have reached nearly 
100 million pounds annually (98,962,516 
lbs. in 1940 and 83,814.569 in 1945). In 
1946 tea inventories in the 8. were 
six to eight million pounds (9/10 Black 
and 1 10 (Jreen tea) higher than for any 
pre-war year. Tea is so im))oi'tant to 
the American palates of the U. 8. that in 
1 943 the Federal government took charge 
of the importation of it as a war measure 
and receivefi a quota ration from Ceylon 
under the British-Ameriean allocation 
agreement. "We con.sume over one mil- 
lion pounds per week, and in 1940 we 
paid over $20,000,000 for the 99 million 
l>ouuds imported. In addition to the 
major i)roduction areas of China, India. 
Ceylon, the Netherland Indies and Ja- 
pan, tea is now grown on smaller acre- 
ages in the XIniou of South Africa which 
supplies itself with only 1 20 of its i*e- 
(piirements, in British India, British 
Malaya, Southern Rhodesia, Kenya, 
Cgaiida, Mauritius and Nyasaland. 

Tea is also cultivated in Brazil, Russia, 
.Natal and Guatemala. About a century 
ago in the United States tea as a crop 
was tried successfully from the agricul- 
tural standpoint but failed economically. 
Brazil has grown some for over a hun- 
dred years. Brazilian tea represents 
hybrid types of Indian (Assam) and 
Chinese varieties. Bight firms in that 
(•ountry trade in the production from 
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Fro. 2, (Fpper). Mr. George F. Mitchell, left, and Mr. Eaymond B. Partridge, right, in the 
tTO-testing laboratory of the General Foods Corporation, Maxwell House Tea Division. Fro. 3 
(iower). Chart showing the relative consumption of tea during the day by men and women in 
Great Britain, a great tea-drinking nation. {Chart by F. Pugliai, eowUsy Time Magazine.) 
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two million tea plants yielding over 50,- 
000 kilos of finished tea, and the largest 
tea plantation in Brazil is “Fazenda do 
Tesoureiro”. Brazilian tea has a high 
tannin content (15.4%) which ik desir- 
able because good tea leaves contain over 
30% water-soluble substances, and a high 
tannin content gives body. Brazilian 
tea types are the equivalent of Broken 
Orange Pekoe, Orange Pekoe, Pekoe and 
Broken tea, consisting of first leaves and 
bud, second leaves, third leaves and a 
mixture of broken leaves of types of the 
first three types, respectively. Brazilian 
tea exports are increasing, as indicated 
by 71,776 kilos in 1939, 91,507 kilos in 
1940, and 134,163 kilos in 1941. During 
World War II tea became a naturalized 
citizen of Guatemala where commercial 
plantations have been developed in a 
favorable soil and climate environment, 
and there is the possibility of great ex- 
pansion in that area if the need arises. 

History. A probable origin of tea as 
a beverage is, according to legend, due 
to the experience of a Chinese philoso- 
pher who was using twigs from a tea 
bush (tree) as firewood. Some of the 
leaves fell into the pot of boiling water 
and sent up a delicious aroma. He tried 
the brew and enjoyed it, and tea as a 
beverage was born. The Dutch brought 
tea to Europe in 1610. It was intro- 
duced into England by 1664, and today 
London is the tea capital of the world, 
importing 450 million pounds annually. 
In 1690 Benjamin Harris and Daniel 
Vernon were licensed there to sell “Cof- 
fee, Tee and Chucaletto’\ The relative 
number of cups of tea consumed by the 
average man and woman of Britain be- 
tween 7 A.M. and midnight shows early 
morning and late afternoon-early eve- 
ning to be the great tea hours of this tea- 
drinking nation where the average per- 
son drinks five cups a day (Pig. 3). 

Tea was first advertised for sale in 
Boston in 1714, and in 1728 it was of- 
fered to the New York public. When 


tea was first used in Salem, Massachu- 
setts, it was boiled in an iron kettle, the 
liquor drained off and the leaves eaten 
with butter and salt; the infusion was 
also consumed as a beverage. This early 
practise was somewhat like the eating, as 
well as drinking, of tea in Mongolia to- 
day where the Chinese women press tea 
leaves into solid blocks for export by 
camel caravan to the interior of Mon- 
golia. This Brick tea is an important 
staple in the Mongolian diet, and is 
stewed in water until softened and -then 
eaten with butter or with tsamba which 
is ground and parched wheat or barley. 
Today the IT. S. is a Black tea (fer- 
mented type) drinking nation, consum- 
ing annually 68,000,000 pounds of Black 
tea, compared with 20,000,000 pounds of 
Green (unfermented) tea and only 6,- 
000,000 pounds of Oolong (semi-fer- 
mented) tea for which the leaves are 
only withered and oxidized slightly be- 
fore they are panned (steamed) to stop 
the fermentation process. 

Cultivation and Harvesting. Tea is 
derived from the leaves of Thea sinensis 
(L.) Sims (= Camellia sinensis (L.) 0. 
Ktze.), and only the bud and the first 
two young leaves at the end of each twig 
are really desirable, although the third 
and even the fourth leaves are used in 
inferior qualities. This is in sharp con- 
trast with deliberate preference for the 
fully mature leaves in the harvesting of 
yerba mate, the popular native tea in 
South America. 

Tea trees are grown from seed, but 
commercial plants are kept pruned to 
bush size for convenience in harvesting. 
Some are allowed to grow to their full 
natural height of 15 to 20 feet and to 
bear fruit, thus serving as seed trees. 
Seedlings remain in the nursery for a 
year, and after having been planted out, 
a first plucking occurs which is a light 
picking and nonprofitable. The first 
commercially advantageous “fiushing” 
(complete picking) is at the end of five 
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yeirs. The plants are pruned slightly 
ami^ly, then drastically during the 
eariy Spring of the thirti year and finally 
e(filar-pruned (cut almost to the ground) 
when ten 3 'ears old. This results in 



Fto. 4. The flowers, termiiinl leaves and bud 
(m a twig of a tea bush. {Courtesy The New 
York Botanieal Gorrlen,) 


suckers growing up from below ground 
to prddttce a very large tea bush with 
several main stems. Such a plant yields 
a tea crop approximately every 40 daj’s 


for ,vears in a good growing area. The 
world’s largest tea “bush” is 24 feet in 
diameter and 67 feet in circumference. 
It is on the Battaw^atte Tea Estates in 
Cction. 

The native pickers cleverly pluck the 
terminal bud and the first two leaves of 
all the twigs on a bush, tossing them 
over their shoulder into a basket. If the 
third leaf is tender and desirable, the 
plucker breaks it off at the same time. 
The basket hangs by a strap around the 
head, and if a baby is- brought along, the 
child is supported bj' the shoulder straj) 
so that both of the mother’s hands are 
free for picking. 

In Japan white jasmine flowers, called 
“Mokle”, are added to the pickings to 
flavor the tea and gives us the com- 
mercial “Jasmine, Tea”. 

Processing. After plucking, tea 
leaves for Black tea (fermented) are 
spread on withering racks (chungs) for 
12 hours to allow the proper degree of 
oxidation. They are then rolled by 
hand or machine to break the cells wdth- 
ont tearing the leaves. Further oxidiz- 
ing and desired fermentation are allowed 
until the leaves assume a copper color 
Avhen si)i’ead out on tile or cement floors 
or tables. Firing (drving) is acc<»m- 
])lished in baskets over charcoal fires or 
in tea-firing ma(*hines in modern factor- 
ies. The largest tea factor.v in the 
world is on the east coast of Svimatra at 
Balimbingan. Leaves for Green tea 
(unfermented) are panned (steamed) 
soon after plucking to stop fermentation. 
In (V.vlon and India freshly plucked 
leaves are steamed in revolving perfor- 
ated c.vlinders. In China, Japan and 
Formosa, where hand manufacture is 
more common, the leaves are tossed about 
bv hand in an iron vessel built into a 
charcoal stove. As soon as they become 
soft, they are removed steaming hot and 
i*olled by hand on a bamboo mat or a 
paper tray. Leaves are returned to the 


Fig. 5 (Upper left), Withorin^^ racks, or ‘‘ehuiigs^^ for tlie manufacture of Black tea in 
Assam. Fio. 6 (Upper right), Ceylon tea baskets and pickers sorting out the tough third and 
fourth leaves from a poorly picked crop. Fig. 1 (Center left), the forest for tea plant- 

ing. Fig. 8 (Center right), A tea nursery. Fig. 9 (Lower left). Drastic third-year pruning of 
tea bushes; the tall plants are unpruned tea bushes left to serve as seed trees. Fig. 30 (Lowtr 
right). Tea factory on a tea estate in Ceylon; the tall trees are legumes planted among the tea 
bushes to enrich the soil. (Photos courtesy G, F, Mitchell.) 
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Pid. 11 (Upper). Tea pickers of Darjeeling, 
India, sometimes wear shade hate to prevent 
premature withering of the leaves in gathering 
thmn for Green tea. Fig. 12 (Lower). A Cey- 
lon tea bash as plucked or ‘‘flashed” several 
years for commerce, displaying many twigs from 
which the terminal bud and first two leaves have 
been picked, and which vrill develop new tips and 
be ready for plucking again in approximately 40 
days. Against the card are shown a bud and 
the first two leaves of the twig, which are har- 
vested every 40 days or so, as well as the third 
leaf which inay be crushed off without injur- 
ing its axillary bud if the leaf is still tender. 
(Courte^ 0. F. Mitchell.) 


pan again in a few minutes, and the 
rolling and steaming processes are alter- 
nated until the leaves begin to crisp. 
They are then put into trays and dried 
thoroughly over slow charcoal fires. 

Kinds of Tea. Harvesting the termi- 
nal buds and the adjacent two leaves to- 
gether is called ‘^fine plucking" and 
constitutes the finest tea. Including the 
third leaf is “medium plucking", and 
inclusion of the fourth leaf is “coarse 
plucking". Black tea is fermented, 
Green tea is unfermented, and Oolong 
tea is, semi-fermented. “Pekoe" is 
Chinese for “white hair" and originally 
meant the earliest pickings of tea leaves 
covered with the young “down^’. 
“Pekoe" and “Orange Pekoe" were 
applied originally in China to tea scented 
with orange flowers. In general today, 
however. Orange Pekoe is a grade which 
results from sifting tea, after firing, 
through a sieve which has a mesh of a 
certain size. The term “Orange Pekoe" 
is in no sense a description of quality. 
The grade Pekoe is a lower leaf grade 
than Orange Pekoe, both of which result 
from sifting. 

The principal kinds of Indian Tea in 
northern India are Assams, Darjeelings 
and Dooars. In Ceylon the types are 
High, Medium and Low-grown teas. In 
China the tea classification is China 
greens, China blacks (congous). Oolongs, 
scented and compressed. The three lead- 
ing varieties of north China are Blacks 
(Keemuns, Ningchows and Ichangs), 
Burgundies and South China Blacks 
(including the Congous, red leaf Cong- 
ous, Kaisows and Foochow Congous). 
The Garets are Chinese. Netherland 
Indies teas are black teas known as 
“Java" and “Sumatra" together with 
the special identifying mark of the tea 
gardens in which they are grown. 

Tea Tasters. Professional tea-tasters 
develop an amazing ability to identify 
the country and district of origin and 
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even the season of picking. Tasters sip 
and sip but rarely swallow. We of the 
United States depend upon the acuity of 
the specialized taste sense o£ less than 40 
men as our guide to new fragrant blends 
and for the wise purchasing and blend- 
ing of the leaves to maintain the uni- 
formity of the commercial brands en- 
joyed by the general consumer. 

Coffee 

General. Coffee appeals to the human 
senses from its flowering stage to the 
aroma and flavor of the cup beverage. 
Its abundant and small but fragrant 
white blossoms, occurring in clusters and 
covering the small trees from six to 30 
feet tall, delight the eye and perfume 
the air during the few days of bloom. 
Flowers occur once a year in dry areas 
but several times a year where rainfall 
is plentiful up to 70 inches annually. 
In such a climate, blossoms and green 
fruit, with some of the latter ripening 
to red and reddish black, may all occur 
on the tree at the same time. If the 
rainfall is less than 30 inches annually, 
irrigation is mandatory. The succulent 
pulp of the ripe “cherry” is sometimes 
eaten by the pickers. The fruit requires 
seven to eight months to mature and con- 
tains two seeds (beans) within the pulp, 
each of them possessing a parchment 
covering within which is the delicate but 
tenacious silverskin. Pulp, parchment 
and the silver-colored, tissue-paper-like 
“skin” must all be removed before 
roasting. 

The coffee belt reaches from 20° below 
to 20° above the equator and extends 
around the world from sea level to be- 
tween 5,000 and 6,000 feet elevation. 
Coffee flourishes best and produces the 
highest quality beans at about 4,500 feet, 
although excellent coffee is obtained at 
higher altitudes also, provided its great 
enemies, frost and drought, do not inter- 
fere. Coffee prefers a fertile soil rich 
in potash, and many plantations are 


located on volcanic hillsides and table- 
lands. Nursery stocks are grown from 
selected seeds. A coffee plant produces 
fruit first during its third or fourth 
year. Plants are pruned in the second 
or third year to facilitate picking and 
increase yield in later years. From the 
fifth to eighth year, when the plant 
reaches full maturity, to the 15th year, 
each tree yields one to eight, or occasion- 
ally 12, pounds of beans. The yield de- 
pends largely upon climatic conditions, 
and record trees have produced 17 
pounds in one year. Some trees bear 
profitable crops up to 30 years and will 
produce somewhat up to 100 years. 
Typically, however, the trees are cut to 
the ground when their yield ceases to be 
profitable. A new tree then grows from 
a hardy sprout of each stock, or new 
nursery material is planted. 

Harvesting and Processing. Cli- 
matic conditions also regulate the har- 
vesting method. If all fruits ripen at 
the same time, as in relatively dry areas, 
they may be stripped off, but in regions 
where rainfall and temperature (aver- 
aging 70° F.) are more evenly distrib- 
uted throughout the calendar year, the 
ripe fruits must be selected individually. 
This requires picking with greater care 
and over a longer harvesting period. 
The weather controls the time and uni- 
formity of fruit maturity and so de- 
termines the picking season between May 
and September under the Brazilian cli- 
mate. There is only one main harvest- 
ing season a year. Coffee picking must 
be accomplished when the cherries are 
ripe because they soon become shrivelled. 
Everyone — men, women and children — 
all take part in the harvest. 

Tossing coffee cherries into the air 
removes more of the leaves and sticks 
than does sifting. After freshly picked 
fruits have been freed from debris, by 
either sifting or winnowing, they are 
“cured” by the dry or wet method, de- 
pending primarily upon the availability 
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of water. Wet-prepared, i.e., washed 
coffees, are preferred by the market, but, 
because of scarcity of water during the 
picking season, the dry method is prac- 
ticed Avith most Brazilian coffee and in 
the drier areas of other countries. 

In the diy method, the “cherries”, as 
the bean-containing fruits are known, 
are sun-dried in thin layers on flats, 
usually c() 11 Crete areas, where they are 


process during this dry treatment is a 
different ts’pe from the depulping (only) 
machine used in the wet method. The 
beans are then graded or sized auto- 
matically by machine and bagged for 
warehouse storage. 

In the wet method the “cherries” are 
soaked overnight in large tanks and con- 
veyed in water to mills Avliere the pulp 
is removed readily the next morning by 



K 

Fig. 13. Coffoe exhibit arranged by the author at the Sixth Tnteriintional Congress of 
Ocuetics at Cornell University in 1932. 


raked over several times a day for three 
weeks. The dried fruits are then de- 
pulped and hulled (parchment re- 
moved), and the silverskin rubbed off, 
all in one general process by threshing 
or pounding in mortars on small planta- 
tions, or by special machines on the large 
fazendas. The machine which accom- 
plishes removal of all three layers in one 


friction in a depulping machine. The 
slimy beans are next fermented in tanks 
to remove adhering traces of the sac- 
charine pulp which is then ivashed away 
in vats. The value of this fermentation 
factor, M'hich is greater in the wet 
method, is debatable regarding its effect 
upon the quality of the cup beverage. 

As a result of this preliminary wet 



THK BIOLOGY AND KCONOMK^S OP TITK BKVKRAGE INDUHTRY 


258 


luetliotl treatment the depnlpecl 
“washed” eotfees are eleau, parehment- 
eiiclnsed beans. They are next spread 
on cbiierete dryinj; {^rounds for ten days 
with roof-like (‘overinjrs on wheels to 
j)roteet tliem atrainst rain or the daily 
dew and to eoinplete the final stajres of 
the dryinjr ])r(K‘ess ntider shade. J)ry- 
in<r by hot-air driers in bnildin<rs friv(*s 
better control and reduces the entire <lry- 
iii}; j>rocess to 24 hours. After dryiu<r. 
the desiccated thin parchment is ]>eeled 
off and the silverskin polished otf in one 
friction ]>rocess by passiiijr the beans be- 
twecJi a rcvolvinfr cylinder and an outer 


They are all fjenerally referred to as 
either “Santos” or “llio”, aecordinfr to 
the <reneral area of i)roduction and ]>ort 
of shipment. The be.st Santos is known 
to the trade as “Bourbon”. Most ('o- 
lombian coffee is washed, and the finest 
type is frrown in the Medellin refrion and 
known commercially as the “Medellins”. 

Unroasted coffee of the trade is known 
as “frreen” coffee. Trade classification 
involves not only im])erfections in }ren- 
eral bnt the specific phy.sical a])j)earance 
of the bean such as size, form, textiu'e, 
color ; and chemical characteristics of the 
beverage such as astriufrency, bitterness. 



Fni. 14 {Left). WiuiKtwiiiK freshly {>k*ke<l coffee in Brazil to remove leaves, sticks and other 
clehris. Flo. 1.") (liiriht). A Brazilian girl eating freshly jiic.ked coffee “cherries’’. {Courtesy 
liro'ition (ioveniuienl Trade Hiireaii, K.Y.C.) 


wire mesh tvifli air bla.stinjr to eliminate 
dust and bits of silverskin. (Iradin" 
or sizino' of the cleaned beans is then per- 
formed by machine sorters; and finally, 
faulty and discolored beans are removed 
by hand. Coffee beans are packed in 60 
kilofrram (182 lbs.) bafrs for storajfe in 
Avarehouses, and the Serviqo TtVhnieo of 
Bio de Janeiro lists eipht pi’ades for 
Brazilian coffee: No. 1 allows no imper- 
fections i>er iiound ; No. 2 allows four 
imperfections; No. 3 allows 12; No. 4 
alloAvs 26; No. 5 allows 46; No. 6 allows 
86; No. 7 allows 160; No. 8 alloAvs 360. 


dryne.ss. Iiarshnes.s, mellowness, mildness, 
neutrality, acidity, puuffency and rank. 
The beverage is described as being 
“strictly soft” (very mild and sweet), 
“soft” (mihl and sweet), “hard” 
(harsh) or “Ilio” (harsh and bitter). 
The two main trade categories are “Bra- 
zils” (strong ajid pungent) and “Milds” 
(mostly from other eonntries than Bra- 
zil). Tin* best coffees for be\’erage ntili- 
zation are blends. (Ireen coffee has no 
palatable flaA'or. Heating to 300° F. 
begins to (*anse chemical changes. At 
850° P. the beans turn yellow and aroma 
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begins. At 375 to 400° F. the brown 
color appeara and the beans crackle due 
to the rupturing of the seed structure. 
Exact temperatures, roasting time and 
blending are trade secrets. The U. S. 
population prefers a medium roast ob- 
tained in approximately 15 minutes or 
somewhat longer. Commercial roasting 
at 1,000° P. by passing hot gases through 
beans in a‘ perforated, revolving cylinder, 
creates an aroma and flavor by develop- 
ing an aromatic oil, caffeol. This oil is 
highly volatile and the bean deteriorates 
from the moment it is roasted. For a 
period of a few days the rate of deterio- 
ration is relatively rapid, then much 
slower over a longer period. Very stale 
coffee is unpalatable and has Ranged 


Fio. 16 ; Vertical section of a coffee fruit or 
‘‘ cherry ”,!itwioe natural size, showing the loca- 
tion of the deep crimson skin surrounding a 
yellowiib pulp within which, invested first by a 
delicate ‘‘silver skin” and then by a cartilagi- 
nous ‘‘parchment”, are the two coffee beans, 
or seeds. 

chemically which does not improve its 
physiological effects. Roasting not only 
develops the aroma and chief flavoring 
compounds in the bean but it caramel- 
izes its sugar, carbonizes its cellulose and 
lignin, reduces its weight 20% and in- 
creases its volume 30%. 

Species. Coffee is derived from about 
40 species of the genus Coffea L., but 
cultivated coffee is obtained largely from 
only three species, viz., C. arahica L., C. 
Uberica Bull, and C. robmta Linden. 
Within and between these species there 
are varietira and hybrids which, along 
with many other details of botanical. 



chemical, economic, social, literary and 
historical aspects, can not be discussed 
here because of limited space. Amplifi- 
cation, of these phases is to be found in 
two volumes on the subject, one by the 
present author under the title “Coffee”, 
the other by Wm. Ukers and known as 
“All About Coffee”. 

Economics. No other household bev- 
erage has had more opposition to its use 
than coffee, despite which it today enjoys 
the most wide-spread popularity of all 
beverages. It has been substituted for, 
and adulterated with, the products of 
other plants from 38 families involving 
98 genera and 213 species. Tulip bulb 
“coffee” sold in Holland during World 
War II for $35.00 a pound on the black 
market, but those unhappy days are over 
and pure coffee is again available there. 
On the U. S. market, .with the exception 
of labelled cereal substitutes, all coffee is 
pufe coffee. A small percentage of 
chicory root is added in some localities, 
especially in the South, as preferred by 
public taste rather than as an adulter- 
ant. However, it was estimated in 1938 
that in the world-at-large, especially in 
parts of Europe and including the U. S. 
cereal coffees named above, the quantity 
of imitation and adulterated coffee still 
drunk annually was equivalent to 10,- 
000,000 bags of 60 kilos each. 

A century and a quarter ago coffee 
was imported as a luxury. Today it is 
our pleasing and stimulating national 
drink. Pound for pound, tea contains 
more caffeine, but the coffee cup bever- 
age has two to three times the caffeine 
content of a cup of tea. Our American 
soldiers in 1942 drank 6,000,000 cups a 
day, and U. S. consumption in 1946 was 
2J billion pounds — an all time record. 
Coffee leads the import parade of food 
products in fonnage (140 million tons 
annually) and is followed in order by 
sugar, fruits, fish, chocolate, tea, fancy 
vegetables, spices and cheese. Brazil 
supplies one-half the coffee demand of 
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the world, and the U. S. takes one-half 
of Brazil’s production. Up to 1914 
Europe was the largest market for Bra- 
zilian coffee, but since then the U. S. is 
Brazil’s best customer. A potent factor 
in our “good neighbor” policy with 
Latin-American countries is the coffee 
bean because so much of their prosperity 
depends upon the average American’s 
desire and ability to consume nearly 550 
cups a year. 

World Production. Coffee is actu- 
ally cultivated in 90 geo-political areas 
of the world, involving 31 countries of 
the Americas, 14 in Asia, 9 in Oceania 
(Melanesia, Australia, Micronesia, Poli- 
nesia) and 36 in Africa. Production 
quantities give coffee a place of major 
importance in the economy of 40 of these 
countries. Of the 5J billion coffee trees 
under cultivation in the world in 1943, 
over four billion were in South America 
and covered 8,658,076 acres. Of these 
four billion, Brazil had 2,790,302,700 
distributed in 14 States, of which 1,482,- 
183,300 were on the 70,000 coffee estates 
in Sao Paulo. 

The world distribution of coffee trees 
geographically in 1943 was: 


Mouth America . 

(Central America 
North America (Mexico) 
West Indies . . 

Africa 

Asia 

Oceania 

World Total . . 


. 4,030,640,700 trees 

364.718.000 

133.606.000 ‘ ‘ 

259.735.000 ‘ ‘ 

205.600.000 
40,000,000 

292.500.000 
5,326,799,700 trees 


In spite of its great popularity, condi- 
tions arose a few years ago which re- 
sulted in over-production. This caused 
the elimination by incineration in Brazil 
of 77,070,577 bags of 60 kilos (132 lbs.) 
each, during the 12-year period of 1931- 
1943. The most drastic years were in 
1933 when over 13i million bags were 
burned and in 1937 when the total 
reached over 17 million bags. World 
production has decreased steadily since 
1936, and together with control methods 
and the development of new uses for the 


by-products of coffee, such as the plastic, 
Cafelite, it is hoped that over-production 
will cease to be a major problem. 

Although Ethiopia and Arabia, Africa 
and India are the original homelands of 
the coffee species, the major cultivation 
today is in South America. The follow- 
ing table indicates the geographic source 
of our U. S. coffee imports as shown by 
.statistics for the years 1940 and 1945. 
The total in 1940 was 2,055,050,138 lbs. 



Fig, 17. A coffee tree bearing fruit in the 
greenhouse of The New York Botanical Garden. 
(Courtesy The New York Botanical Garden.) 


valued at $126,768,444, and in 1945 
it reached 2,716,479,896 lbs. valued at 
$345,749,262. Green beans were im- 
ported from 28 different geographic 
areas, and a small quantity of roasted 
beans from a few non-producing coun- 
tries such as Canada, Italy and Portugal, 
bringing the total to 31 sources of coffee 
importation into the U. S. 


Chocolate and Cocoa 

General. Chocolate, the most nutri- 
tious of all beverages, originated from 
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rSlTKD STATES COrt'BK IMTOKlA 




Year 1940 

Year 1945 

Source 


Pounds 

Pounds 



Ruav or Green* 

Raw or Greeji t 

Atieii, Arabia ... 


333,011 

220 

Holgiuu Congo .. 


6,813,585 

677,278 

Brazil 


1,099,141,968 

1,547,321,616 

British Kast Africa 


4,534,836 

0 

Colombia 


530,023,536 

601,972,779 

i'osta Kiea 

.. . 

16,168,331 

44,648,794 

t^iba .... ... 


8,290,455 

1,555;8(55 

C*urm;ao \ . 


19,397 

0 

Dominican Republic 


10,508,186 

34,522,531 

Ecuador . . 

.. 

27,083,304 

16,008,222 

El Salvador 


97,309,005 

120,570,196 

Ethiopia .... 


93,702 

0 

Guutcnuila . . 


80,319,349 

105,282,737 

Haiti 

. . .. 

19,047,399 

61,943,761 

Hoiidurna 



2,241,899 

5,871,995 

danmica 


108,379 

0 

Mexico ... . .. 

L 

52,618,854 

73,142,052 

Netherlands Indies 


13,047,763 

0 

Nicaragua ... . 


30,110,600 

27,208,835 

Other British West Indies 


16,500 

(J/iberia) 1,120 

Other Portuguese Africa , , 


5,422,520 

5,731,783 

Panama Canal Zone .. . . 

. , 

460,217 

644,355 

Panama* Republic of 


32,682 

0 

Peru . . 


1,294,967 

4,248*162 

Saudi Arabia 


3,938,638 

(Sudan) 2,204,607 

Surinam 


459,945 

0 

Trinidad and Tobago . . 


39*200 

1,095,500 

Venezuela 


45,571,830 

61,827,488 

I'otal . . 


2,(155,050,138 lbs. 

2,716,479,896 11 

VaUu’ 


$ 126,768,444 

$ 345,749,262 


* A 'total of 14,513 pounds Avas imported' al so, in lt>40 in tlio roasted or lu'oeessed state from 
Canada (t5J5 llw.), Cuba (59 lbs.), Italy (2,354 li)s.), Mexieo (6,735 lbs.) and PortiiKal (4,850 
lbs. I. totulliuf; a value of $2,114. 

t A total of 610,815 pounds valued at $85,700 was imported in 1945 in tlie'roasted or proee.sse(l 
.state from Canada (11 lbs.), Tlra7.il (500 lbs.) and the Jtominiean Republic (610,304 lbs.). 


a tropieal Amerieau plant distributed 
in tlie mountain valleys of Mexieo, Cen- 
tral and South America. The Mexican 
Indians called the beverage “ohpcolatl” 
from their word “choco”, meaning foam, 
and “atl” for water. Theohroma Cacao 
L., its scientific name, uteatis “food for 
the gods”. The Aztec Emperor Monte- 
zuma would drink no other beverage 
from the golden ceremonial goblets. 
Columbus took cacao beans back to 
Spain, the first European country to use 
them. The beverage became popular 
only after addition of vanilla, which is 
also native to Mexico, became customary. 


There has never been a substitute for 
the cacao bean ■wdiicli gives tis the lupiid 
chocolate, cocoa which is chocolate jiow- 
der with the fat mostly removed, and 
cocoa butter used in pharmaceutical and 
toilet preparations and in the manufac- 
ture of candy, beverages and foods. 

The stimulating agent theobromine in 
cacao beans is related chemically to 
cafteine into which it is converted in 
considerable quantities by inethylatiou. 
Factories have been built at Sao Paulo 
for that purpose. Unlike tea and coffee, 
chocolate is a real food; but like them, 
drinking tlie beverage has been a custom 
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for centuries and has served as a symbol 
of welcome and often has other s<»eial 
implications. The common use of choco- 
late at Latin-American wedding recep- 
tions originated in early Honduran In- 
dian ceremonials. A young man Mould 
send a girl a gift of enough cacao for 
a celebration, and if the offering Mas 
accepted, a party followed. Then if he 
M’as in favor, the girl presented him 
M’ith cacao for two parties, one to be 


original mill in 1765 M’as in Dorchester, 
Massachusetts. By 1790 over 500,000 
pounds were imported annually into the 
U. S. ; in 1900 the amount brought in 
reached 20,000,000 pounds; today it is 
about 680,000,000 pounds, and chocolate 
is the No. 1 flavor of the country. 

The Plant. The cacao plant attains 
a height of 40 feet in its native state as 
it grows in the Amazon basin of Brazil, 
the Orinoco river area of Venezuela and 



Fio. 18 (Left), Criollo typo of cacao pod, the best for flavor. Fig. 19 (Center). Forostoro 
tyjK* of cacao, the source of most commercial cocoa. Fig. 20 ("alaliacillo type of cacao, 

the jmorest in flavor l)ut fairly resistant to the pod disease. (Conrtesif La Hacienda.) 


Jield at his home and the other iu the 
home of her relatives. To ask a young 
l)erson bluntly in some Latin-American 
coinitries today — “When are you serv- 
ing chocolate?” — implies the quesstion — 
“When are you to be married?” 

(•acao beans M'ere first brought into 
the United States for the manufacture 
of <*hocolate by Gloucester fishermen M’ho 
accepted them as money for goods ex- 
changed in tropical America. The 


the coastal valleys of Central America. 
For cultivation it is kept ])runed to 15 to 
25 feet. It bears large red and green, 
glossy leaves, and its small, inconspicu- 
ous floM’ers and large fi’uits groM' in a 
very unusual maiinei’., appearing along 
the main trunk ami large bi’anches. 
The fruits have leathery, semi-M-ood,\- 
rinds, and resemble small, elongated 
melons in size, pa.ssing through several 
color changes as they ripen. In matiir- 
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Fio. 21. Longitudinal cross-section and sur- 
face views of the three types of cacao pod; 
Criollo, left ; Forestero, center ; Calabacillo, 
right. {Courtesy Pan American Union.) 

ing, tbe red variety turns carmine to 
vermflion to orange or reddish-brown, 
whereas the yellow variety changes from 
green to yellow. The impression gained 
by looldng through a cacao plantation of 
mixed varieties has been likened to the 
effect of trees hung with Chinese lan- 
terns. The fruits require four months 
to ripen, and each contains 20 to 50 
almond-shaped seeds or beans embedded 
in a soft pulp. Each seed is enclosed in 
a parchment shell containing two oil 
lobes. 

Cultivation. As is true also of tea 
and coffee, the quality of cacao beans 
depends not only on the variety but also 
upon the properties of the soil and cli- 
mate; and upon the care exercised in 
controlling the curing and processing 
treatment. Cacao plants require a rich 
but well-drained soil and are so sensitive 
to drought and altitude that they seldom 
grow above 2,500 feet. They are always 
cultivated for the first two to four years 
under the shade of other trees such as 


banana, breadfruit, mango or rubber. 
Irregular rainfalls are responsible for 
oscillations in the volume of crops. The 
seeds are selected from high-yielding 
trees and are sometimes grown in bam- 
boo joints or in palm leaf baskets until 
transferred, basket and all, to the planta- 
tion field. The tree produces fruit 
naturally in three years, but under culti- 
vation, fiower buds are destroyed until 
the fifth year. Pull productivity occurs 
by the eighth year, and the trees continue 
to bear for 30 to 80 years. 

With the continuous growing condi- 
tions of the tropics, flowers and pods may 
occur on the trees at all seasons, but 
there are usually two periods when many 
ripen at one time. This time varies in 
the different producing countries, but 
the heaviest arrivals on the world mar- 
kets are in October and February. 
Smaller shipments are made in mid- 
summer or early autumn. 

Harvesting. Since unripe fruit gives 



Fio. 22. A young cacao plant growing in 
the shade of large banana trees. {Courtesy 
The New Totk Botanical Garden.) 
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cacao of inferior quality and hinders fer- 
mentation changes, careful picking of 
mature fruit only is essential. There is 
an interesting division of labor between 
men and women during the harvest. 
First, skilled male pickers (tumbadores), 
trained in judging ripeness by the outer 
appearance, cmt the fruit from the tree 
by means of mitten-shaped knives at the 
end of long poles. Native women fill 
baskets with the pods, carry them to a 
clearing and pile them on the ground. 
Opening of the multi-colored fruit is 
done by men who split them with a long 
knife by two to four blows, depending on 
the expertness of the laborer (peon). 
An expert worker can split open 500 
pods an hour. Then girls separate the 
cacao beans from the pulp and lay them 
on banana leaves or trays for fermenta- 
tion. Fermentation by the bean’s own 
enzymes and by wild yeast of the air 
goes on for two to nine days. The wet 
beans are then exposed to the sun by 
spreading them out on concrete drying 
grounds for .several days until dry to 
avoid molding, and after being graded 
and bagged they are stored in ware- 
houses. 

Processing. In the manufacturing 
process of chocolate and cocoa, the beans 
are “sieved” by being passed through 
rotating screens which remove the parch- 
ment covering (.shell) and other extrane- 
ous matter. Both shells and nibs have 
some theobromine content. Uniform 
roasting of cleaned beans is accomplished 
in revolving drums. Crisp roasted beans 
are subjected to a machine which breaks 
them up, fans out parchment shell frag- 
ments and separates the broken beans, 
or nibs, into different sizes by pa.ssing 
them over a series of sieves. These 
roasted nibs contain 50% fat which is 
extracted and known as “cocoa butter”. 
This butter is very useful because of its 
two valuable properties of freedom from 
rancidity and its blandness. Milling 
(crushing) of the nibs between grinding 


stones produces a thick plastic chocolate 
liquor which solidifies upon cooling and 
forms the bitter chocolate. Cocoa is the 
sifted powdered press cake after most of 
the butter (fat) has been removed from 
the chocolate liquor by hydraulic pres- 
sure. Cocoa possesses only 18% fat. 
The cacao mass to be used for various 
chocolate purposes is refined by addi- 
tional grindings to form a smoother 
paste, sweetened with sugar and finally 
flavored with vanilla to make sweet 
chocolate. Powdered milk is added for 
milk chocolate. Extra cocoa butter is 



Fig. 23. Young cacao plants growing in the 
partial shade of castilloa trees. (Courtesy The 
Xew York Botanical Garden.) 


added when the chocolate is designed as 
a coating for bonbons. The chocolate 
paste is placed in a warm compartment, 
mixed well and deposited into the moulds 
of familiar commercial forms. In the 
manufacture of cocoa, besides reducing 
the fat content to 18% . sometimes sugar 
and dried milk are added to the sifted 
cocoa powder. For Dutch type cocoa 
the powder is treated with alkali to pro- 
duce a darker color and a slightly differ- 
ent flavor. 

Types. There are three main types 
of cacao, and a pure plantation of any 
one type is rare : 

Type I. Criollo, meaning ' “native- 
born”, is the finest for flavor and is 
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classified commercially as *‘fine”. It is 
cultivated in quantity in only a few 
countries, and Venezuela grows much of 
it. Nicaragua, too, is famous for it, and 
the Nicaraguans consider their product, 
cacao del pais, to be unsurpassed. 

Type II. Forastero, meaning “stran- 
ger”, has 4hree subtypes. The great 
Wk, 80% to 85%, of the world’s crop 
comes from this variety. It is grown in 
all cacao-producing regions and bears 
the largest fruits. 

Type III. Calabacillos, meaning “lit- 
tle'pumpkin”, is the poorest quality com- 
mercially. Its pod is fhe shortest and 
its beaus are flat and ferment slowly. 
However, it produces many pods per tree 
and is fairly resistant to disease. This 
latter. characteristic is important because 
cacao planting is one of the most profit- 
able of tropical agriculture, and exten- 
sive damage has been done to the Criollo 
and Porastefo varieties by witch’s broom 
and pod-rot disease. 

Most chocolate manufactures are 
blends of ordinary and fine grades, ac- 
cording to individual trade formulas. 
The TJ. S. is the largest consumer of 
cacao and imports without duty over 
40% of the annual world production of 
over ] billion, 700 million ])ounds. Al- 
though the U, S. takes two-thirds of 
Latin-American exports, it receives over 
half its total supplies from Africa. Basic 
chocolate products manufactured in the 
U. S. are valued at nearly 100 million 
dollars a year, and in 40 years the U. S. 
per capita consumption has increased 
from one to five pounds of chocolate 
products annually. 

Production. Though cacao is a na- 
tive of tropical America, the Gold Coast 
of West Africa is the chief source of the 
bean today, accounting for 35% of the 
world’s cacao exports. Brazil produces 
17% and is increasing her quantities an- 
nually, with cocoa now ranking third in 
value of all Brazilian exports. Growing 
wild in the Upper Amazon, it was first 


cultivated in the State of Para in 1740. 
In 1836 it was introduced into the State 
of Baia (Bahia) which now produces 
90% of the Brazilian crop, an industry 
that is stimulated and regulated by the 
Cacao Institute of Baia, founded in 1931. 
A warehouse with a capacity of 250,000 
bags has been built at the port of Bahia. 
Until 1900 more than 80% of the world’s 
cacao crop was produced in its original 
habitat — ^tropical America — ^but to-day 
the approximate percentage distribution 
of world production is as follows : South 
America’s 24% together with 8% from 
the Caribbean area totals 32% from the 
Western Hemisphere; Africa supplies 
66.6%, Asia 0.9% and Oceania 0.5%, 
totalling 68% from the Eastern Hemi- 
sphere. 

In order of the volume exported, the 
specific geographical sources of cacao 
beans are the Gold Coast, 35.6% ; Brazil, 
17%; Nigeria, 13.1%;; Ivory Coast, 
7.4% ; French Equatorial Africa, 4.1%; ; 
Dominican Republic, 3.1%' ; Trinidad 
and Tobago (exclusive of re-exports), 
2.6%; ; Ecuador, 2.5% ; Venezuela, 2.2% ; 
St. Thomas and Principe, 1.7%) ; Costa 
Rica, 0.7%'; and all others about 10% . 
The West Indies, Central America and 
Mexico together produce less than 10% 
of the world’s supply, although these 
areas together with Ecuador, Colombia 
and Venezuela have long been a source 
of excellent quality beans. In Ecuador 
cacao is the chief export, and the quality 
of the Venezuelan crop is unsurpassed. 
The United Fruit Company has aided the 
cacao industry by planting it on disease- 
destroyed banana plantations in Panama 
and in Costa Rica. Many of the smaller 
producing areas have a high home con- 
sumption of the beans. For example, in 
Cuba 95% of the crop is used locally, 
and Mexico actually imports cacao, al- 
though it also exports minor quantities. 
The exportable surplus of the entire 
Caribbean- area, in fact, is far below the 
amounts which could be produced and 
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sold with sreat advantage to the eeo- 
uomie welfare of the region. With this 
fact in mind, cacao plant-breeding ex- 
periments are being conducted by the 
Imperial College of Agriculture in 
British Trjiiidad. 

With the constantly increasing per 
capita consumption throughout the 
world, the cultivation of this economi- 
cally important plant is being, and 
should be, extended. 

Mate 

General. Yerba mate or matte, some- 
times called “Paraguay Tea”, “St. Bai*- 
tholomew’s Tea”, or “Jesuit’s Tea”, is 
derived from the leaves of Ilex para- 
guariensis St. Hilaire of the holly 
family. The stem contains only 0.73% 
caffeine, but the leaves possess 1.25%. It 
is closely related to (^assine or dahoon (J. 
roniitoria Aiton) of our southeastern 
coastal region where the leaves of this 
latter species have been the source of a 
minor beverage known as ('assina tea or 
Black drink. Mate has been long known 
as a potential native drink, but the North 
American species has never gained the 
acceptance accorded to the South Ameri- 
can plant, even though the TJ. S. govern- 
ment tried to ])opularize it in 1923 by 
serving Cas.siua tea, a carbonated soft 
drink, and Cassina-flavored ice-cream to 
60,000 employees of the U. S. D. A. A 
soft drink based \ipon mate and natural 
fruit juices has just appeared as a foun- 
tain concentrate and in the bottled form 
on the U. S. market in 1947 under the 
trade name “Matey”. Two companies 
have been organized to manufacture it. 
One of them. The Matey Co,, Inc. of New 
York, is promoting its product with a 
$200,000 advertising campaign through 
the media of newspapers, point-of-sale 
and radio; and the other, Martay, Inc. 
of Kansas City, Missouri, is sponsoring 
its product in that area. 

Ten million South Americans drink 
their mat4 daily, and quantities of it are 


shipped not only throughout South 
America but also to Europe and the 
United States. The plant is one of the 
most important botanical possessions of 
the temperate zone of South America. 
Utilize<l for centuries by the Guarani 
Indians, it was planted first about 1600 
by the Jesuit missionaries in the Guayra 
Province in southern Brazil, in 22 mis- 
sion areas that today constitute Argen- 
tina and along the Upper Uruguay river. 
The beverage is prepared usually by 
pouring nearly boiling w'ater over the 
broken leaves in a gourd and drunk when 
cooled sufficiently to be swallowed com- 
fortably. It is also brewed in tea i)ots 
and served in clips in the cities of South 
America, and usually in this form in 
North America also. The gourd method 
is the universal one in the rural areas. 

The beverage became known as “mate” 
or “cuya” which mean gourd, for it is 
from a gourd that it is drunk or sipped 
through a “bombilla” (“bombilha” in 
Brazil) . The gourds are decorated, often 
elaborately, and the bombillas are native 
reeds or bulb-shaped or spoon-shaped 
strainers of nickel or silver. 

Great quantities of cultivated mate 
are grown in .southern Brazil, Argentina 
and Paraguay, while “native” or wild 
mate is found over a large area in the 
valleys of the Parana, Paraguay and Up- 
per Uruguay rivers. Soil composition 
and atmospheric conditions affect the 
flavor and quality of the beverage, the 
flavor being “strong” or “mild” also ac- 
cording to the region of growth. Most 
mate is collected from wild plants and is 
known commercially as “native” mate in 
contrast with the cultivated product, 
known as “plantation” mate, produced 
on a smaller scale in Paraguay and in 
Brazil, chiefly in the States of Bio 
Grande do Sul, Parana and Mato Grosso. 
Twenty-flve acres of wild mat6 growth 
yields 2 to 4^ tons (2000 to 4,500 kilo- 
grams) of crude mat4. 

In the cultivation of “plantation” 
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mat4, the young trees are pruned an- 
nual)^ up to the third or fourth year to 
maintain a proper form and height of 
id to 20 feet. Harvests may be made 
' every one, two or three years. Full pro- 
ductivity is reached in about ten years, 


native state in forest areas cleared of 
everything but pine and Yerba Mate. 
In Argentina it is grown in cultivated 
plantations; and in Paraguay it grows 
wild on large tracts, though some plan- 
tations have been developed. Uruguay 



FlO. 24. Fruiting (left) and flowering (right) branches of yerba inat4. (Courtesy Th4 
New Yorh Botanical Garden.) 


' >11 

and the average life of a tree of good 
yield; is about 20 year^ if kept well 
pruned wid cultivated. An' average 
yield ih about 10 kilos of dried mat6 per 
t|;ee. 

Jn Brazil mat4 is grown largely in the 


does' not produce it on a commercial 
scale, but it is very popular with the 
Uruguayans who import over 44 million 
pounds annually. 

Preparation. Preparation of mat6 
involves several distinct steps which are 
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given an ever-increasing attention to as- 
sure a better and more uniform product. 
The sequence of events is cutting, toast- 
ing, breaking, drying, threshing (beat-* 
ing), sifting, aging and manufacturing. 
If carefully and properly conducted, cut- 
ting is a more elaborate process than 
• China tea picking. The mate gatherer 
cleans the tree of vines, then climbs the 
trunk or uses a ladder and cuts off the 
smaller branches. A number of leaves 
are left at the extremities of the larger 
branches to provide for the breathing 
requirements of the tree. These tufts of 
leaves are known as “bandoleiras. ” 
Leaves for mate are harvested only on 
sunshine days between 8 A.M. and 5 P.M. 
when no dew or rain occurs and the 
leaves are not damp. Primitive Indian 
methods combine the toasting and drying 
processes by placing branches with leaves 
in an excavation in the ground and burn- 
ing bonfires around it until the leaves are 
sufficiently dry to be beaten off. More 
recent methods utilize three separate 
procedures. To toast (Sapeco) leaves 
the operator holds the branch so that the 
green leaves are exposed directly to the 
fire for a few seconds, but turns the 
branch continually so that the leaves are 
not burned. Toasting cracks the leaves 
open, simultaneously reducing the mois- 
ture content 25%, and coagulates or 
vaporizes the gums and resins so that 
they do not spread through the leaves 
and turn them black as they do in natural 
wilting. The total weight of the leaves 
is reduced one-third. 

The breaking (Quebramento) process 
consists of removing the short leaf -bear- 
ing branches from the larger branches, 
so far handled, and gathering them into 
sheaths for drying. Drying is accom- 
plished by the Carijo or by the Barbacua 
method. The carijo is a platform of 
poles about six feet above ground with 
fires one and a half to two feet apart 
underneath this loose platform and care- 
fully watched to see that the leaves on 


the platform are not singed. Smoke can 
not be entirely avoided, and this effects 
the taste of the beverage undesirably. 
The process requires 12 to 24 hours. 
Then the leaves are broken off. A better 
non-smoked product is obtained if the 
leaves are subjected to less smoke than 
it is possible to prevent in the Carijo 
method. The improved Barbacua method 
in its original form involved the Tatuape 
of Paraguay which consists of a low, 
dome-shaped, loosely fonned structure of 
bent poles, or of bricks in modern planta- 
tions, over which the broken mat6 is 
spread, completely covering it. Hot air 
is conducted into this dome-like struc- 
ture by a tunnel from a fire some distance 
away, so that smoke directly on the leaves 
is avoided. The leaves are turned fre- 
quently, and the process requires five to 
15 hours. Threshing separates the leaves 
from the twigs by beating with sticks on 
canvas or planks spread over the ground. 
The resulting mass of broken leaves, bark 
and twigs, constitutes “mate candieado” 
and can be used in this form. Modern 
mechanical threshing is known as “tri- 
turation ’ ’. It uses a crude sort of thresh- 
ing mill, operated by animal, water or 
steam power, and breaks off and shakes 
the leaves through a grate. Next, the 
leaves are sifted (the peneira^ao process) 
through a coarse sieve of bamboo and 
then through a fine sieve. 

Ageing for a few months improves the 
aroma and flavor. The crude product, if 
handled properly, is packed dry, but not 
air-tight, in sacte of 30 to 60 kilograms 
each, and sent to the factories (engenhos 
or usinas). In the final^'manufacturing 
of the product, the m^ cancheado is 
refined in factories principally at Cur- 
ityba, Parana. Since mat4 absorbs mois- 
ture rapidly, it is re-desiccated to protect 
it from molding ; this additional heating, 
furthermore, activates the chemical con- 
stituents of the mate and thus aids in de- 
veloping its flavor. It is then passed 
through blowers and sieves to be graded 
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2{^ (Upper), Gathering leaves from cultivated seven-year-old yerba mat4 trees in Argen- 
tina. Fig. 26 (Loiver). Argentinian cowboys, or gauchos, enjoying, their bitter mat4 or eimarr6n. 
(Photos courtesy Pan American Union,) 
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as to size. Next it is blended, since the 
different producinff areas with their vari- 
ous soil, (dimate and curing conditions 
impart distinctive qualities to the mate. 
The milled or refined manufactured 
product is known as “mate beueficia- 
mento”, of which there are more than 80 
brands on the market. Originally trans- 
ported in raw-hide bags, the presluct is 
now i>aeked in various containers to keej) 
out dampness by cloth cylinders, tins or 
water-proofed paper and cellophane 
sacks. 

Brewing. There are several methods 
of j)reparing the infusion for beverage 
purposes. “Bitter mate” (“ciraarron” 
(»r, in Brazil, “chimarrao”) is brewed 
in a gourd without sugar. If sugar is 
added it makes “sweet mate”, “mate 
dulce” or, iu Brazil, “mate doce”. Mate 
tea is made like China tea, but by using a 
mate containing rather large leaf frag- 
ments atul by employing twice the quan- 
tity i)er cup that would be required for 
ordinary tea. Mate tea is the form used 
in cities and in the more patrician homes. 
Avhereas cimarr<)u, brewed from finely 
ground leaves mixed with some twig frag- 
ments. is preferred by the people of the 
rural districts and by the cowboys 
(gauchos) of the Argentina rolling plains 
(pampas). 

Brewing is a fine art in the hands of 
the gaucho and other rural populations. 
A hollow dry gourd (mate), or some- 
times a coconut shell, a cow’s horn or a 
metal cup, is half filled with the dry 
ground leaves. The palm of the hand is 
placed over the opening, the gourd is in- 
verted and shaken gently to mix the 
powdered leaves uniformlj'. The bora- 
billa is inserted at an angle and a few 
drops of cold water added. Then nearly 
boiling water is added until a froth ap- 
pears at the opening of the gourd. This 
is the real mate cimarron, and as many 
as ten brews can be prepared immedi- 
ately from the same leaves, although the 
fifth and sixth fillings have the reputa- 
tion of being the best. 


Caffeine Content and By-products. 

The physiological effect of mate is similar 
to that of Oriental tea, but it has an ad- 
vantage possibly for people who are over- 
stimulated by the caffeine content of tea 
and coffee. Mate, according to the anal- 
ysis of Peckott, possesses only 2.5 grams 
of caffeine per 1,000 grams of prepared 
leaves in comparison with 4.6 grams in 
Black tea, 4.3 grams in Green tea and 2.6 
grams in ground coffee. Mate leaves also 
contain onlj' 0.01 gram of essential oil 
per 1,000 grams of leaves, and thus do 
not induce the gastric disturbance which 
some jieople experieiurc from coffee be- 
cau.se of the oil content rather than the 
caffeine in the latter. Coffee contains 
0.41 gram of oil, and tea from 6.0 to 7.9 
grams, compared to 0.01 gram in mate 
per 1,000 grams of leaves. 

As a by-product, considerable purified 
caffeine is derived from mate, and six 
factories in the Brazilian States of 
Parajia and Santa Catarina carry out 
the extraction process commercially. 
Mate leaves also have a chlorophyll con- 
tent three times that of oriental tea 
leaves, a quality that has made them a 
commercial source of chlorophyll. In 
1942 one United States business concern 
ordered 11,000,000 pounds of Argentina 
mate for the extraction of its caffeine, 
vitamin and chlorophyll content for 
medicinal purposes and to make the 
vegetable coloring matter used exten- 
sively in food, air purifying and deodo- 
rant products, and by the cosmetic in- 
dustry. One hundred pounds of. crude 
mate yields a minimum of one pound of 
caffeine and five pounds of chlorophyll 
with a total market value of $22.50. 

Consumption. The popularity of the 
beverage geographically among the 
10,000,000 South Americans who drink 
mate daily may be noted by the annual 
per capita consumption in various areas. 
In Chili it is 112 lbs. and in Brazil 40 
lbs., but in the Brazilian State of Parana 
it is 44 lbs., even though that State ex- 
ports great quantities of mat4 and is 
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also near the coflee-gro\^ing center of the 
world. Mat4 is the national drink of 
Paraguay where consumption is 34 lbs. 
per capita. Uruguay does not grow any 
commercially but' consumes 22 lbs. per 
capita and imported over 44 million 
pounds in 1345 to meet the domestic de- 
mands. Argentina uses 20 lbs. and 
Bolivia 4i lbs. per capita annually. 

Graders. Since leaves from diiferent 
producing areas possess different quali- 
ties, producing countries import as well 
as export mate in order to manufacture 
their desired blends. According to the 
quality, strength and aroma, the leaves 
are graded on the market as Paraguay 
(the best quality), Mato Grosso, J^isiones, 
Parana, Santa Catarina and Riu, Grande 
do Sul (the poorest quality). Commer- 
cial grades, according to the Argentine 
Ministry of Agriculture, are Extra (50% 
Paraguay, 30% Argentina, 20% Brazil), 
Gtood (50% Argentina, 20% Paraguay, 
20% Parani, 10% Rio Grande do Sul) 
and Ordinary (an all Brazilian blend of 
80% Rio Grande do Sul and 20% 
Parand). A general industrial classifica- 
tion of mate for all purposes is Green, 
Crude and Prepared (refined for bever- 
age consumption). Argentina imports 
exclusively the crude mate, whereas 
Uruguay and Chili import the prepared 
mat4 grade for the chimarrao form of the 
beverage. 

Production and Consumption. Al- 
though consumption is confined largely 
to the producing and neighboring coun- 
tries, the U. S. and Europe import mat4 
in appreciable amounts. Brazil exports 
it to 16 countries. Recent total consump- 
tion figures cited in Table 1 offer a sum- 
marized statepaent of the present magni- 
tude of the mat4 industry, based on tHe 
single plant species. 


Consumption 

Area 


TABLE 1 
Pounds Year 


Argentina 259,000,000 1942 

Brazil 110,000,000 1941 

Uruguay 49,000,000 1936-1941 average 

Uruguay 44,500,000 1944 

Paraguay 12,000,000 1946 

Chile 17,000,000 1936-1941 average 

United States 442,149 1935 
United States 82,763 1940 
United States 23,909 1945 


The U. S. consumption has fluctuated 
and decreased in recent years because of 
high price (70^ to $1.00 per pound) and 
less advertising, and due to the fact that 
rapid introduction of a new beverage is 
difScult in a country where tea and coffee 
have an established popularity in the 
habits of the average citizen. 

In 1935 Argentina set up the “Comi- 
sion Reguladora de la Produccion y 
Comercio de la Yerba Mat4” to limit, 
control and improve the market, and in 
1938 Brazil created the “Institute Naci- 
onal do Mat4“ to protect and coordinate 
trade in mat4, and to encourage con- 
sumption. Paraguay has no similar or- 
ganization but does restrict exports to 
assure adequate stocks for domestic con- 
sumption. 

The 1943 production and export fig- 
ures, according to the Pan American 
Union statistics, appear in Table 2. 

Yerba mate is the most popular bever- 
age in the South American geo-political 
areas discussed here. All immigrants, 
Spaniards, Portuguese, Germans, Polish 
and other foreign constituents of the 
population have learned to enjoy this 
beverage of the original Indian tribes 
and of the current civilians of long stand- 
ing. Theodore Roosevelt must have 
thought well of its taste and effect, for 
he recommended mat4 for the U. S. 


Argentina 

Brazil 

Paraguay 


TABLE 2 


Production Crude Exports Milled Exports Total Exports 
in Pounds Pounds Pounds Pounds 

182,981,800 -301,107 301,107 

158,731,200 60,800,676 45,105,508 .105,906,185 

36,305,352 13,977,004 230,758 14,207,784 
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soldiers in his book, “Through the Bra- 
zilian Wilderness”. It certainly has the 
potentialities of pleasing flavor and of a 
desirable beneflcial effect physiologically, 
all of which are necessary to promote it 
for a commercially successful world-wide 
beverage and to recommend it as possess- 
ing a healthful advantage to the consum- 
ing public. 

Guarana 

Guarana is the chief beverage of the 
State of Mato Grosso in Brazil, where 
60^-^ of all commercially produced gua- 
rana is consumed and where it is in 
greater demand tljan coffee or mat4 as a 
daily beverage. Possessing a high tannin 
content (5%) as well as the highest caf- 
feine content (5%) of any plant in the 
world, the beverage, so unusually rich in 
both these substances, serves the body as 
a stomachic and as an invigorating stimu- 
lant at the same time. Thus this bever- 
age has the reputation in some parts of 
Brazil of being superior to coffee and 
tea as a healthful drink, and extrava- 
gant claims have been made for it. 
Guarana, sometimes misleadingly called 
“Brazilian chocolate”, has beverage 
qualities which might be described as 
slightly bitter, astringent and acid. It 
is enjoyed generally by people of all 
nations travelling in Brazil, and would 
become undoubtedly a welcome addition 
to the tremendous soft drink industry 
of the United States if Brazil could 
develop her agriculture and industrial- 
ization of guarand so that she could sup- 
ply the necessary volume of the guarand 
paste, hard form or fluid-extract to meet 
the demand. The U. S. has long been a 
buyer of the meagre surplus available 
for export, and has used this limited 
supply mainly for medicinal treatment 
of neuralgia, certain cardiac conditions 
and intestinal disorders. The Amazon 
region of Bolivia is a relatively large 
purchaser of the paste and the bottled 
beverage. 


The source plant is Paullinia Cupana 
H.B.K. of the Sapindaceae. It is a 
large, vigorous, creeping plant which 
produces bunches of nut-like fruits. 
Each round, brown seed is about the 
size of a hazelnut with a white, mealy 
covering. The plant blossoms in July, 
and the fruits are picked from October 
to Deeeniber. Preparation of the hard 
guarana bars, sticks or pan-cake forms 
is still very primitive. The ripe bunches 
of nuts are first soaked in water to open 
them. The seeds are then roasted, the 
seed coats removed and the seeds ground 
in a mortar to form a homogeneous 
plastic mass which is moulded into the 
stick form up to two inches thick and 
six to 12 inches long. Sometimes it is 
made in the form of bars or as flat pan- 
cakes weighing a half pound. The very 
dark reddish-brown or brownish-black 
stick form, the most common shape on 
the market, looks like a large petrified 
sausage. The roasted seeds are some- 
times sold before grinding, and a pow- 
dered form is also known. 

The native distribution of the species 
seems to be bounded by the southern 
border of the Amazon river and the area 
of the Madeira, Maues, and Ramos riv- 
ers. It also occurs in the Upper Orinoco 
and Negro river regions. Guarana cul- 
tivation is chiefly in the State of Ama- 
zonas with a total planted area of less 
than 1,200 acres, mostly in the Maues 
district. Minor acreages are cultivated 
in the districts of Parintins, Itacoativa, 
Urucutituba, Barreirinho and Borba. 
Although the white population prepare 
their guarana in a manner similar to 
that of the Indians, the Indian product 
from the Canuma and Maues-Acu river 
areas is considered to be of better qual- 
ity. These Indians choose their seeds 
more carefully, and they make the bev- 
erage for themselves on the same. day. 
Their modelled-stick form of the mar- 
keted product is sought as representing 
the highest quality. 
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Although gnaraua has been eousumed 
by the white population of Brazil for 
over a century, the production surplus 
for export to other white-populated 
lands has never exceeded 100,000 kilo- 
grams per year. The following tables 
convey the magnitude of the total pro- 
duction, exj^rt and destination figures 
of this beverage; 


GuariJiia l^roduction 


1938 

1 55 metric tons 

Olio iiiotrie 

1939 

211 

t ( 

( ( 


1940 

172 

t ( 

U 

ton is equiva 
^lent to 1,000 

1941 

1942 . 

in 

95 

i t 

i i 

1 1 

i i 

kilo|jrrnins 


Exportation from ManAqs, Braxil 

1935 



1936 . 

53,354 

1 1 



1937 . 

30,034 

i t 


One kiloj^rnni 

1938 . 

36,072 

i i 


^is equivalent 

1939 . 

99,676 

i t 


to 2.2 pounds 

1940 

3,816 

i t 


1 

1941 

. . 2,733 

i4 




Exports reached their greatest quantity in 
1939 when the distribution was as follows: 


Poland ... . 

91,002 

kilos 

Germany . . 

7,900 

< ( 

France 

400 

i i 

United States . 

228 

( i 

Surlliam 

146 

i i 


In 19'42, for the first time, the quality 
of commercial guarand was standard- 
ized. The fluid-extract is used in the 
manufacture of a refreshing beverage, 
in confections and as syrup, all three of 
which are enjoyed within the limited 
growing areas of the plant. Its very 
great possibilities as an ingredient of 
soft drinks and summer beverages have 
not been realized outside of Brazil. 

Major Beverage Habits of the Geo- 
political Areas of the World 

General; A brief survey of the 
worid’s .beverage plants and of their 
geogriildiic produetion and consumptipn 
areas convinces one of the popularity of 
tea throughout Asia, the U. S. S. R., the 


United Kingdom, Canada, Australia, the 
Union of South Africa and other lands 
populated primarily by the English. 
The Western Hemisphere, with the ex- 
ceptions of Canada (tea) and the yerba 
matte-drinking areas of southern Bra- 
zil, Argentina, Paraguay, Uruguay anil 
Chile, possesses primarily a coffee-loving 
l)opulation with tea occupying a secon- 
dary but important place. This fact is 
also true of continental Europe, the 
Near East and most of Africa. 

A glimpse at the beverage habits of 
various geographic regions of the world 
reveals also that local botanic sources 
are available everywhiere, ranging from 
a fe\v to a multitude of species and that 
dependence upon beverage plants ranges 
from the use of practically no native 
species, where dependence is entirely 
upon imported products, to areas which 
find satisfaction largely from native 
species and imi)ort very little. 

Australia. In Australia, where 
neither tea nor coffee is gi’own on any 
substantial scale and no significant na- 
tive beverage plants exist, except fruit, 
tea from Ceylon is the chief beverage, 
and the comparatively little coffee drunk 
is obtained from Java. The annual 
average for the five year period of 1935- 
1936 — 1940-1941 for tea consumption 
was 48,050,000 pounds and for coffee 
during the same period only 5,533,000 
pounds. Fruit juices are consumed in 
great quantities and over one million gal- 
lons a year (1,044,202 gallons in 1944- 
1945) are exported, derived from tropical 
fruits grown chiefly in Queensland and 
New South Wales. Other fruits from 
these same areas and from Victoria, 
South Australia, Western Australia and 
Tasmania contribute to the total volume. 

South Africa. In the Union of South 
Africa coffee is not produced success- 
fully, and the amount of China tea 
(Thea simnm) grov/n ■ supplies only 
about 1/20 of the demand by the Eng- 
lish-speaking population. The native 
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population eousumes the “bush teas” 
derived from a half dozen wild species 
of the region, especially the leaves of 
Aihriscia phylico-ides D. C. 

Canada. Canada, like the Ignited 
States, has a native flora of many species 
which have been Tised for beverage pur- 
poses, but their utilization is largely his- 
torical. Canada depends greatly upon 
importation of tea and coffee for her 
non-alcoholic beverages, but fruit juices, 
cola and other soft drinks are common, 
and a small grape juice industry exists 
there. Apple juice and cider, too, ai'e 
abundant in season, and during the suin- 
luer of 1944 Nova Scotia shipped 200.000 
barrels of apple juice fortified with vita- 
min C to Canadian and otlier soldiers 
overseas. 

Iceland. hi Iceland many native 
plants are the source of Icelandic tea. 
esteemed by some of the population for 
both flavor and vitamin content. This 
fact recalls the general use of rose-hip 


tea for its vitamin content in England 
during World War II because of the ab- 
sence of citrus fruit juices as a major 
source of vitamin C in the diet. In 1945 
Iceland imported 866,782 kg. of coffee, 
12,557 kg. of tea, 176,627 kg. of choco- 
late, 23,018 kg. of cocomalt, 900 kg. of 
lemonade and 150,127 kg. of fruit juices, 
in addition to alcoholic beverages, for a 
population in December, 1945, of only 
130,356. 

Continental Europe. Denmark de- 
pends upon imports for her coffee and 
tea but produces much of her own alco- 
holic beverages, such as beer from barley 
and “snaps” from potatoes and corn 
grown primarily in Jutland. 

Switzerland, in addition to an extmi- 
sive viticulture for both red and white 
Mines, devotes a considerable percentage 
of the apple and pear crop to the pro- 
iluction of sweet cider and fennented 
cider Mhich is consumed locally and on 
the rest of the (.’ontinent. Apple cider 



Pig. 27. A Bivias crop of apples destined for cider manufacture. (Coinicnj/ Conisuliitc 
General of SH'it:Terl(itHl, New Yorle.) 
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is popular iu numerous countries, and in 
1945 the U. S. imported 477,007 gallons 
vidued at $864,395, chiefly from Canada 
with smaller amounts from Spain and 
Argentina. Switzerland and Czecho- 
slovakia have a minor commerce also iu 
native herb teas but are entirely depen- 
dent upon imports for their China tea 
and coffee. Czechoslovakian vineyards 
are iU the sheltered regions of Bohemia, 
Moravia and southern Slovakia. Like- 
wise, Estonia produces fruit juices 
locally and imports tea, coffee and 
chocolate. In Russia, tea is the common 
beverage, and ' coffee is both secondary 
and poor in cup quality. The opposite 
is true in Germany where poffee leads 
in consumption and tea is decidedly 
secondary, with beer consumption high. 
Similarly in Italy coffee is common but 
in the form of a very strong brew and 
is drunk with milk. Tea finds only a 
minor usage there and wine is the major 
alcoholic beverage. 

Turkey prepares a number of bever- 
ages from local flowers, leaves, roots and 
seeds, some of which are most unusual, 
such as the radish juice used only in 
southeastern regions of the country, 
Turkey’s annual consumption of China 
tea is approximately 20 tons, and of 
coffee, €00 tons. Greece also uses a 
large quantity of native teas known as 
Greek Mountain Tea, made particularly 
from linden tree flowers {TUia vulgaris, 
T. alba and T. argentea) and the leaves 
of six species of Sideritis. These plants, 
however, do not create an extensive item 
of commerce, since each family picks its 
own supply in the wild state. Coffee is 
consumed throughout ^Ireeee, but China 
tea is seen chiefly in the cities, and 
cocoa is rarely served outside of metro- 
politan areas- 

In France, wine is the beverage of 
greah^ consumption, as the average 
Fr^ehman does not usually drink water 
with his meals. Viticulture is a major 
industry, and France is the largest pro- 


ducer of wine in the world. Ninety-five 
percent of French grapes are trans- 
formed into wine or derived distilled 
products with an annual output of over 
one billion gallons. Dry wines are made 
from grapes of high acid and moderate 
sugar content; sweet wines of grapes 
with high sugar content and moderately 
low acidity. Apple and pear cider rank 
second in consumption, followed in 
descendiug order by beer, coffee, tea, 
fruit juices, soft drinks and hard liq- 
uors. Cider is produced in the north- 
eastern area where apples thrive and 
pears to a lesser extent. Most of the 
annual cider production of 20 million 
hectoliters is consumed locally, but small 
amounts are exported in some years. 
All parts of France, except the North, 
Northwest and mountainous areas, pro- 
duce wine, with the bulk of ordinary 
wines coming from the South of France 
near the Mediterranean. High quality 
wines come from Champagne, Bour- 
gogne, Alsace, Bordelais and Anjou. 
Coffee imports average (1930-1940) ap- 
proximately 480,000 metric tons and tea 
only 1,800 tons. The effect of World 
War II caused such drastic rationing 
that the “Ersatz” coffee in France be- 
came 90% roasted barley, acorns, soy- 
beans and date stones. In Holland 
coffee became completely a black market 
item, and the Dutch roeusted and ground 
their tulip bulbs as a coffee substitute. 
The war with its coffee rationing and 
unavailability of distilled alcoholic 
drinks resulted in a tremendous increase 
in the production of fruit juices in 
France from 15,000 hectoliters in 1935 
to 300,000 hectoliters in 1943. 

In contrast with France, Belgium is 
not a very large consumer of wine, only 
five liters per capita, but beer consump- 
tion there is among the highest in the 
world at 170 liters per year. Tea has 
only one ounce per capita per year, 
which is very low. Chocolate is also 
not very Tsommon in Belgium, but coffee 
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or coffee chicory is utilized widely. Im- 
ports of coffee in 1938 amounted to 49,- 
000 tons, indicating an average per 
capita use of almost 13 pounds. Coffee 
chicory averages 25,000 metric tons an- 
nually or about 6i pounds per capita. 
About 90% of the Belgian production 
of coffee chicory root is in the Province 
of Western Flanders. Exports of coffee 
chicory average 20,000 to 30,000 tons per 
year. 

Portugal’s citrus fruit juices and 
wines, especially port wine, are produced 
at home, and coffee in her colonies, but 
she imports all her tea and coffee for 
home conspmption. Spain, like France, 
has extensive vineyards over the greater 
part of the country, and the per capita 
annual consumption of wine is 56 liters. 
Barley is likewise cultivated all over 
Spain, but beer consumption is only 2.8 
liters per capita. Barley water is drunk 
widely and is made by maceration of 
toasted barley, sweetened to taste and 
cooled. Apple cider has a per capita use 
of two liters, almost as much as beer. 
Cider is produced mainly in the prov- 
inces of Guipuzcoa, Asturias, Navarra 
and Vizcaya y Alava. Fruit juices are 
popular and are derived from citrus 
fruits, grapes, red currants, raspberries 
and pomegranates. Among the soft 
drinks, sarsaparilla is common. Two 
unusual beverages from botanic sources 
are “orgeat of chufas” (Horchata de 
ehufas), prepared from the tubers of 
chufa (Cyperus esculentus), and soy- 
bean milk (Leche de Soja) which is pro- 
duced mainly in the province of Va- 
lencia. Use of the latter is beginning 
to spread, and the world’s greatest pro- 
ducer and consumer of this botanical 
milk is Manchuria in Asia. Spain im- 
ports all her tea, chocolate and coffee. 

I>atin America. Nearly all the 21 
countries represented in the Pan Amer- 
ican Union produce and consume coffee, 
many deal in cacao, a few in yerba mat4 
and very few in Oriental tea. There 


are also a number of interesting bever- 
ages derived from native plants. Some 
of them are to be recommended highly 
for much more widespread utilization. 
Haiti produces coffee in the mountainous 
regions and exports nearly 30 million 
bags annually. As a beverage, Haitians 
prefer black demi-tasse coffee or eaf6 
au lait, the Haitian coffee with milk. 
Nearly li million kilograms of cacao 
beans are exported annually which are 
grown in the valleys at the base of the 
mountains. Milk is nearly always added 
to the beverage form. Fruit juices are 
numerous in Haiti, which, in addition to 
those of citrus varieties, include the 
juices of the sour-sop {Anona muri- 
cata), the melon (Citrullus vtdgark), 
the granadilla {Passiflora qvadrangu- 
laris) and pineapple (Ananus sativus), 
as well as coconut milk {Cocos nuci- 
fera) ; there is also a beverage prepared 
from the bark of mabi {Colubrina recli- 
nata) as well as a considerable list of 
herb teas and alcoholic beverages used 
by the Haitian population. 

Cuba, a producer of excellent coffee, 
also enjoys an appreciable number of 
fruit juices and beverages from native- 
grown plants. Mexico and Guatemala 
are producers of coffee and cacao, and 
their people, like all other Central 
Americans, are heavy coffee consumers. 
Guatemala is also a producer of China 
tea. Other drinks used in Guatemala 
are atole (corn flour gruel type) and 
aqua masa (flne corn, dissolved in water 
with sugar added), and the natives of 
sugar cane regions consume a variety of 
intoxicating beverages derived from the 
cane and known as “Boj” and “Gua- 
rapo’’. Many other juices, fermented 
and imfermented, are also employed, 
such as those of tamarind, pineapple, 
custard apple and orgeat. 

Bolivia, . Peru and Chile all consume 
coffee, but a very common beverage in 
Bolivia and Peru is “ehica”. Chili also 
uses appreciable quantities of Yerba 
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Matte. Bolivia annually consumes one coffee. The chief imported caffeine-con- 
billion liters of chica prepared from taiuing beverages are Coca-Cola and 
com and a half million Ijters of “pisco” Pepsi-Cola. Great quantities of drinks 
from grapes. Chica has been common made with soda water and originating 
since the days of the Incas who consum- from natural gaseous water are con- 
mated their feasts with chica quaffed sumed under the name of “Sodas'’ and 
from golden goblets. El Salvador is “Granadinas”. 

primarily ^a coffee-producing and eon- The most common native beverage in 
Burning country. Colombia is credited Ecuador is “naranjilla”. It has been 
with growing on the highlands the bulk .selected in its fresh state by the Ecua- 
of the finest mild coffee. Venezuela, in doreans from among all beverages as ex- 
addition to its coffee grown largely in celling for its delicate flavor and ex- 
the States of Tachira, Trujillo, Lara and quisite taste. The principal reason for 
Merida, also produces cacao, especially in its popularity being limited to Ecuador 
the States of Miranda and Sucre. Tea is the fact that pasteurization or other 
is not piuduced and its import and con- preseiwative processes tend to^destroy its 
sumption volume are not significant, fragrance and color. In 1939, however, 
Cho<iolate consumption is only one gram one Ecuadorean firm succeeded in send- 
per capita per year. Everj'ho'fiy drinks ing 1,500 gallons of naranjilla juice to 



FiO. 28 {Left), Harveatiug naranjilla fruit, Solomm qttitoense, the baaie of a popular bever- 
age in Ecuador. Era. 28 (Eight). Mature naranjilla fruits wth their eoft white hairs. (Photos 
ipovriesg r. St. Dept. Agr., Bvr. For, Agr. Set.) 
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the World’s Pair in New York, and at 
that time a few of us Americans had the 
privilege of enjoying its delicious flavor 
and refreshment. It was accepted en- 
thusiastically, and with the conquering 
of the transportation problem it will un- 
doubtedly become a very popular fruit 
juice. Botanically, naranjilla is derived 
from Solatium quitoense Lam. of the 
family which has given the world the 
tomato, potato, tobacco and the eggplant. 
The native name “naranjilla” means 



Fio. 30. Bags of naranjilla fruit ready for 
market. {Courtesy V. S. Dept. Agr., Bur. For. 
Agr. Eel.) 


“little orange”, but it would have been 
more appropriately called “tomatilla” 
because it resembles the tomato more than 
the orange, except for its golden color. 
The plant is a bush, six or eight feet tall, 
with large leaves sometimes 16 -to 18 
inches long with dark green upper sur- 
faces and light green lower surfaces with 
scattered violet spots. The small white 
flowers in corymbs develop into round, 
bright orange fruits, about two inches in 
diameter. Fruits, leaves and branches 


are covered with a soft white fuzz that is 
lost during harvesting and handling. 
The natives on sloping hillsides of the 
middle altitude valleys of the rain forests 
harvest the naranjilla weekly the year 
round. The plant bears continuously 
with no special care other than one weed- 
ing operation each year during its three- 
' year crop life. It bears fruit 14 months 
after the seedling is transplanted and 
continues for two years. Each acre bears 
730 plants and yields from 180 to 360 
bags of fruit weighing 125 lbs. each. 
Naranjillas tend to exhaust the soil, so 
that after a fruiting period on newly 
cleared land, the area is not good for 
subsequent crops, other than bananas or 
sugar cane, unless especially treated with 
fertilizer. Naranjillas are very sensitive 
to ecological conditions and develop best 
on well drained slopes at 4,000 to 7,000 
feet elevation between latitudes 2° N and 
5° S. This includes practically all of 
the Ecuadorean Andes. Ecuadoreans 
produce 2,000 tons of the fruit annually, 
two-thirds of which are grown in the 
Banos region of southern Ecuador. 
Guayaquil is the largest consumer and is 
the region where most of the crop is sold. 

Naranjillas are consumed principally 
as a drink, although naranjilla marma- 
lade is packed commercially in Quito and 
naranjilla pie is a choice treat among 
Ecuadorean hostesses. The juice is mo.st 
healthful because of its content of pepsin 
and 1.5% proteins (albumen), with lime, 
phosphate and magnesium ranging from 
0.98% to 1.6% of the total juice. When 
sugared and stirred, it makes -a delicious 
foamy drink. It is sweet yet possesses a 
tartness suggestive of a combination of 
orange, pineapple and tomato, and has a 
distinctively refreshing fragitoce. May 
Ecuadoreans find a way to successfully 
ship their choice beverage throughout 
the world. 

Conclusion 

Juices from home-grown fruits and 
soft drink consumption increased enor- 
mously in all countries, due to war re- 



Fi«/31 {Upper). Naranjilla plant in flower, Provinee of TTttngiiaalittai Beuador. r Fio. 32 
{Lower). Naranjilla in 13-gallon barrel# for shipment . to the New York World's Fair, 
^{Courteep M. Chalons^ Aseseor Comercial y Agricola, Quito, Bouador, and B, Oquendo, 
Tioe^conetUf .Coneulado Genered del Ecuador, New York.) 
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strictions by law or by interference with 
importation. Because of the mineral 
and vitamin content and general health- 
ful nature of such drinks, it is hoped that 
the consumption of these refreshing con- 
tributions from plant life will remain 
high on a per capita basis. The United 
States with her international population 
shows the greatest interest in the variety 
of fruit juices and combinations of them ; 
also in carbonated soft drinks; but we, 
like all global and national areas, would 
do well to learn from our neighbors. We 
could advantageously adopt still more of 
the available array of beverages which 
would be refreshing, stimulating and 
healthful additions to our daily diet. 
This would create by their exchange, a 
greater utilization of native plants and 
an increase in employment, and thereby 
improve international commerce and 
good will between various geo-political 
regions. The soft drink and fruit juice 
industry is the beverage category in 
which the largest number of introduc- 
tions throughout the world can be made 
by a global use of cola drinks, the suc- 
cessful shipping of naranjilla from Ecua- 
dor and a wider familiarity with verba 
mate from Brazil, Argentina and Para- 


guay. An extension of the beverage 
form of the North American cranberry 
would also be desirable. It is a crop of 
50 million pounds annually which pos- 
sesses a natural tang and needs little or 
no fortifying. It is acidulous, pleasant 
and refreshing, and mixes to advantage 
with pineapple and orange. Its ten 
minerals and five vitamines make it 
healthful. The South American melon 
tree, papaya {Carica papaya), with its 
mild and satisfying flavor is finding 
popularity in the United States. The 
passion fruit which is related to our 
southern Maypops, has an attractive 
cranberry-like flavor. It was imported 
from Australia until the war and has 
been cultivated on a small scale in Cali- 
fornia. The whole fascinating question 
of carbonated teas, too, lies dormant on 
the doorstep of the beverage industry. 
May the re-establishment of world peace 
and more stabilized conditions of inter- 
national commerce bring more time for 
the science and art of providing global 
enjoyment of all the best beverages. 
They are healthful items of the daily 
diet, and pleasing the sense of taste is an 
essential factor in good digestion and 
better living for everyone. 


Utilization Abstracts 


Soybeans. Foam fire-fighting apparatus 
for oil tanks, etc., involves not only the reac- 
tion of carbon dioxide-producing chemicals 
but also an ingredient known as a “stabilizer” 
which prevents too rapid dissipation of the 
carbon dioxide through the foam. This in- 
gredient is usually a product that possesses 
colloidal properties and that is derived from 
plant materials, the most prominent of which 
have been aqueous extracts of soap bark 
[inner bark of QuiUaja sapomria, a tree of 
the Peruvian and Chilian Andes] and of 
licorice root [Glycyrrhiea glabra, an herb of 
Mediterranean countries]. During the exi- 


gencies of the recent war, however, particu- 
larly on ships, soybean protein [Glycine 
soja) was found to surpass soap bark and 
licorice for this purpose. During the war 
years over five million gallons of foam liquid 
were produced from soybeans, and in 1944 
alone 900,000 bushels of the beans were thus 
used. This use took> about 40% of the total 
industrial consumption of soybeans that year, 
and added one more to the already known 
more-than-one-hundred primary uses of the 
beans. (/. M. Perri, Chemurgic Digest 
^(12): 209. 1946). 



TsfO-^WUh Spteckd Reference to Its 
Cubure and Uses in Hawaii 


A staple food since ancient times for countless Pacific 
island natives, taro may today be entering a new era 
of utilization by way of the baker’s dour manufac- 
tured from it and other comestibles such as poi and 
paiai derived from its corm. 

AMY B. H. QREBNWELL 

Honolulu^ Hawaii 


Description 

^Tabo {Colocasia esculenta (L.) Schott) 
has been, an important root cro^ for mil- 
lions of people for well over 2,00O years, 
^hrobably originating somewhere in 
southern Asia, it has spread with migrat- ^ 
ing peoples to all comers of the tropical * 
and subtropical countries of the worldy 
It is a stemless, rank-growing aroid, con- 
8picu<ms for its 18-ineh to seven-foot tall 
tuft of petioles and pendant heart-shaped 
leaves. which make it look like an over- 
grown version of its close relative, the 
caladium. Beneath the ground are a 
large fecular corm and its surrounding 
dormant or sprouting tubers; or, as in 
some varieties, an abundance of lash-like 
stolons devoid of tubers. The inflores- 
cence is yellow and similar in shape to 
that of the skunk cabbage. 

/ BecauM of their antiquity and vegeta- 
.tive reproduction both the genus and 
species are confused and extremely vari- 
able in size, shape of the corms and leaves, 
colpndlon of the leafy parts and rarity 
of flowers. By study of the chromosome 
structure this confusion will no doubt be 
olarMed.y Today there are probably 
about horticultural varieties j^own, 
each d^eriog in some respect from the 
oth^* 

* 

C^iiciiim Oualate Content 

Anyt^ who hf» tasted any part of an 
aroid is w^ aoq^inted with the pritMy 
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feeling throughout the mouth and throat 
a few seconds later, due to calcium oxa- 
late crystals in the juice. Taros, as a 
rule, although containing a generous sup- 
ply of this substance, are variable, some 
varieties being more acrid than others. 
The exact cause of this unpleasant sensa- 
tion was discovered in 1836 by Turpin 
who saw microscopically small cigar- 
shaped capsules of a gelatin-like nature, 
open at one end, that when wetted eject 
crystalline spears, or raphids, into the 
surrounding tissues. Further study by 
later investigators has shown that it is 
this mechanical phenomenon, not the 
chemical action on the skin, which is ir- 
ritating. They found that the surest 
method of eliminating this “itch” is 
thorough cooking, although drying less- 
ens it considerably. Cooking breaks 
down the capsule, releasing the raphids, 
which remain unchanged, but harmless, 
throughout the tissues. 

Old World History 

Although well established as a food 
plant in India and Malaysia, the first 
known written records of taro cmne from 
China/ where references, are found in a 
dictionary and a/materia medica which 
considered the leaves, and partiaolarly 
the seeds, of value for Indigtstioii ai^ 
flatulence, land for partuident tnauea. 
The plant must have arrived in dap^ 
at an early date frofli either Chaiia dr the 
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Asian mainland, as there are many varie- 
ties there very similar to the Chinese. In 
Japan the plant is called “imo”, where- 
as in China it is known as “wu”. Taro 
has always been a common staple in 
Japan, but is considered a delicacy in 
China. The first taro introduced to Swe- 
den was brought from China in 1754 by 
Magnus von Lagerstroem as a hothouse 
curiosity and called Arum Chinense. 

The first western records of taro are 
from Pliny (23-79 A.D.) who saw it 
growing in Egypt where it was often 
eaten and exported to Rome. It arrived 
there through Arabia where it is still 
called “eulcas”, a name that was slightly 
varied upon its Egyptian arrival to “qol- 
qas”. Its generic name is derived from 
the Greek word for the lotus with which 
the taro was often confused. We can be 
quite certain that taro was not in Egypt 
ill ancient times, for there are not any 
hieroglyphics of it, as would be most 
likely had it been there. Fi:om Egypt, 
we can presume, the plant went farther 
west and north at later dates to Portugal 
and to the many Mediterranean islands 
where it can be found today naturalized 
along streams and wet places. 

New World History 

Taro was the important food of French 
Tropical Africa when slave traders were 
there collecting their human merchandise 
for the new American colonies. These 
men found it cheaper and easier to let 
the slaves subsist on their native food; 
hence taro, or “eddo” as the Negroes 
called it, found its way to the New 
World. It is still called “eddo” in Bar- 
bados, and to add to the confusion there 
is a closely related American plant, yautia 
(Xanthosoma sp.), which, along vrith 
taro, is known adso as “tanya”, “coco”, 
“malanga”, “oto” and by many other 
names, depending on the island where the 
plants are found. About 200 years ago 
another taro was introduced from China 
which was called “eddo de la Chine”, 


finally contracted to “dasheen”, the 
plant with which Americans are some- 
what familiar. 

It is this taro, known to commerce as 
the Trinidad dasheen, which was intro- 
duced by the Department of Agriculture 
in 1910 into the southern States as a 
year round crop in an attempt to find a^ 
substitute for white potatoes, that could 
be grown in soils too moist for the latter. 
The African taro and yautia had earlier 
found their way to these States as slave 
food, but, because of their coarseness, 
never amounted to much. The dasheen, 
on the other hand, has a very delicate 
nutty flavor, is much less fibrous and can 
be prepared in any way that potatoes 
can. However, after 36 years of at- 
tempts to encourage farmers to grow this 
crop, only a few do so today, as labor 
expenses and early frosts provide ob- 
stacles. I The major problem to be faced 
by farmers who grow dasheens on a large 
scale for out-of-state markets is foreign 
competition. Approximately . 800,000 
pounds yearly are imported into the 
United States from the Dominican Re- 
public, Cuba, the Azores, China and 
Mexico, the magnitude of exports from 
these countries being in the same se- 
quence as the sources are here listed. 
These countries are able to grow the 
plant more easily and cheaply than is 
the United States and in spite of duties 
still to undersell the American market. 
Notwithstanding these odds, Mr. Robert 
A. Young of the Department of Agri- 
culture, one of the dasheen pioneers, still 
hopes that the American people will at 
least grow Jhe plant in home vegetable 
gardens, or that farmers will continue to 
grow it for a limited market, since the 
tubers are excellent for human food and 
the corms make good animal fodder. 
Blanched shoots are forced for a winter 
vegetable. The elephant ear, an all green 
plant, regarded by some authorities as 
identical with taro and by others as a 
different species (C. aniiquorum), is sold 
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by some plant powers as a summer orna- the Polynesians might keep their Asiatic 
mental for gardens as far north as New economic plants alive on the long journey 
Jersey. .. to the central Pacific, they had to travel 

Pacific History northwards ma the volcanic Caroline 

Taro history eastward is probably Islands into the Gilberts, as the shorter 
more ancient and better understood than atoll route through Melanesia was in- 
its westward spread, but the story is hospitable to these plants. This theory 
still far from complete. According to is well illustrated by taro culture on 
anthropological theories, the Polynesian these low islands. Holes must be dug 
people moved down the Malay Peninsula, deep down to brackish water and filled 
taking with them plants which supplied with decayed vegetable matter before a 



Fio. 1, A field of dv^land taro in Hawaii, in which the crowns have been set three feet apart 
to facilitate irrigatiAg and weeding. When the plants are well established they are mulched and 
no longer weeded. {Courtesy Hawaii Agr. Exp, Sta.) 

food and clothing, as well as retaining very coarse varieV of taro can be grown 
methods of planting them. They trav- in them. 

ded along the Sunda Islands to New The first Polynesian islands to be set- 
Guinea. From Java originates the Poly- tied were the Samoan Group, probably 
nesian name for the plant which we have 2,000 years ago. Prom there more ad- 
adopted in its Tahitian form — “tales” in venturous or harried people pushed on 
Java and “taro” in Tahite, “ndalo” in to the Society Islands, a fertile volcanic 
Fiji, “talo" in Samoa, “ta’o” in the land, which became the base from which 
Marquesas and “kalo” in Hawaii. Ac- expeditions' sit out to populate the many 
chrding to Dr. Peter Buck, in order that islands to the south,' bast and north. 
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The two places which grew taro the 
best and where it became the staple food 
were Bapa, lying to the south-west of 
Tahite, and Hawaii, to the far north. 
In these relatively cooler islands many 
more varieties were developed, and a 
/ fermented paste was made from the 
steamed corms. This paste, known as 
“poi”, is native to only these two locali- 
ties. 

In Bapa poi is made in a rather hap- 
hazard manner by women, as it is con- 
sidered menial work for men. They 
bring steamed corms to large flat stones 
along the edge of streams and crush the 
taro with any handy rock. When the 
mass is smooth, they add a little water 
and knead it as we do bread dough, in- 
corporating as much air as possible. 
Then the substance is .allowed to ferment 
aerobically for a few days, thus becom- 
ing poi. It is eaten rolled into small 
balls on the palm of the hand, dipped 
into water or lemon juice and popped 
into the mouth. 

In Hawaii taro was of such great im- 
portance to the natives that it indirectly 
became the basis of their civilization and 
social customs. The flrst taro to arrive 
in these fertile volcanic islands may have 
arrived with the traditional discoverer, 
Hawaiiloa, who landed there in 450 A.D. 
It was an acrid, rather coarse plant 
which was held in low esteem when the 
Hawaiians, as we know them, arrived 
from Tahiti around 1100 A.D. with 
choicer plants. Anthropologists believe 
that the flrst waves of newcomers were 
of the chieftain class and naturally 
would have brought with them the most 
succulent pink-cormed varieties. In 
time the commoners came with their sup- 
ply. / As Polynesian taro corms do not 
keep long, “hull”, which consists of a 
quarter inch of the top corm plus about 
flve inches of the petioles, were used for 
propi^ating because they keep for several 
weeks and even months if kept moist. 
•There are theories that seeds were used 


in these travels, but taro seeds are rather 
rare and plants from them are weak. / 

"Most of the taro was grown in water 
either on valley floors or on terraces built 
ingeniously on steep cliffs where springs 
were abundant. Taro was the most im- 
portant food because in many sections 
of the Hawaiian Islands the climate is 
either too damp or too dry for bread- 
fruit, coconuts and sweet potatoes to 
grow in profusion. Because water is of 
prime importance to taro culture, it had 
to be portioned out, and the supreme 
laws of the land revolved about water 
distribution. So that all could benefit, a 
great system of canals and locks was de- 
vised for all large streams whidi flbwed 
into cultivated areas. Bemarkable en- 
gineering feats were accomplished. 
Ditches were hewn in the sides of stone 
cliffs. Underground waterways and 
great stone channels were built. These, 
remains of which can be seen today, belie 
the accepted presumption that the Ha- 
waiians were completely primitive. . 

Lo’i Culture. In building their wet 
taro patches, or “lo’i”, the men of 
Hawaii alone did the tedious work of 
measuring off areas of land 10 to 60 feet 
square, digging down to hard soil or 
rock and building reinforced walls 
around these pits. When this was done 
water was let in and a day of festivity 
was proclaimed. Every person of rank 
and of kll ages joined in to wade bare- 
foot in the pond to trample the floor. 
Garland-bedecked^i^these people frolicked 
in the mud, and at tfte end of the day 
were feasted by the owner of the lo’i. 
The next day, when the mire had settled 
and the water was let out, the men 
planted the hull. Water was let in when 
the flrst leaves had expanded and was 
allowed to circulate constantly about the 
plants. The walls between the lo’i served 
as narrow pathways and as garden plots 
on which to plant sugar cane, sweet 
potatoes, arrowroot and other crops. 
When the crop was ripe, nine to 18 
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Pigs. 2^4 (Upper and lower right), Corms of Japanese taro, or dasbeens. The abundant 
dormant tubers can be stored for three or four months after harvesting, and they comprise an 
important article of commerce in the Caribbean area. {Courtesy of The New York Botanical 
Garden and of the Hawaii Agr, Mxp, Sta,, resp,), Pio. 3 {Bower left), Corm of a Hawaiian 
variety, ^^Mana Ulaula^^ with its sprouting tubers. The Maiia taros are peculiar for their 
branched corms and are held in high esteem for taro-coconut pudding. Hawaiian tubers must be 
eatenjmmediately after harvesting. {Courtesy Hawaii Agr, Exp, Sta.) 
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months later, depending on the variety, 
men harvested as much as was needed 
from time to time to make poi. The re- 
maining was allowed to grow until 
needed, and the bare places replanted 
with huli from the harvested crop. The 
tops and leaves were thrown back into 
the lo’i as fertilizer. Often to supple- 
ment these crops fish were raised in 
these plats. 

Dry Culture. Where running water 
was s(!arce dry land taro in Hawaii was 
grown either around dwellings or on up- 
land plantations along forest borders 
where the soil was rich and rains fre- 
(pient. Two or three huli would be 
placed in a hole three feet in diameter, 
about nine inches deep, fertilized with 
weeds, fern and rotted logs of kukui 
(Aleurites moluccana). From these 
semi-wild gardens came taro corms which 
weighed up to 25 pounds with no care 
except occasional weeding and mulching 
to retain moisture. The forest land was 
used also to plant emergency crops for 
times of drought or famine. Wild taros 
of various varieties can be seen today 
growing along streams or hidden away 
in tangled jungles. 

Poi. About 150 varieties of taro were 
developed in Hawaii. Most of the.se 
varieties could be roasted, steamed in 
underground ovens, or made into poi. 
However, as a general rule, c.ertain varie- 
ties were delegated to specific uses. / Taro 
grown in dry ctiltivation was considered 
better for general eating, and taro grown 
in lo’i was preferred for poi, although 
connoisseurs considered poi from wet 
culture to lack richness in flavor, even 
to taste of stagnant water. Chiefs ate 
only the pink-cormed varieties which now 
comprise the commercial taros. Most of 
the other varieties make grey pois, some 
darker than others. One variety makes 
a yellowish poi. All poi types are a 
matter of taste; therefore as the eater 
made the product he would select his 
favorite varieties, combining several of 


the same eorm consistency, or one par- 
ticular taro. 

^Men did all labor connected with taro, 
since it was considered too important for 
women to handle. After peeling the 
cooled corms, a man would sit at a long, 
shallowly-hollowed board or stone, and 
coarsely crush the taro with a heavy 
stone pestle. As the work progressed 
he used a lighter pestle, adding water to 
the poi until it was of the right con- 
sistency. Then he would place it in a 
gourd calabash and set it in a sunny 
place to ferment anaerobically. The 
amount of fermentation, too, was a mat- 
ter of taste; if he wanted sour poi, three 
days of fermentation gave perfection. 
The poi was then put into smaller cala- 
bashes and mixed with water to the de- 
sired consistency, and eaten, usually with 
the first two fingers, although if it was 
thick the index finger would suffice. 
Some of the smaller bowls Wre carved 
with a flange on which to fastidiously 
wipe off the sticky pa.ste before eating 
other foods. Today one hears the phra.ses 
“one-finger”, “two-finger” or “three- 
finger” poi to describe various poi con- 
sistencies, but these terms are modern- 
isms. “Three-finger” poi in ancient 
Hawaii was abhorred by everyone except 
gluttons who could get more poi with less 
effort by employing that many digits. 
An adult doing normal work ate ten to^ 
20 pounds of poi per day, and, needless 
to say, excessive avoirdupois was the 
height of beauty. / 

Other Uses in Hawaii. Steamed 
pudding was made from grated taro and 
coconut as a sweetmeat. Petioles and 
leaves formed an important adjunct to 
meats, usuallj’^ combined with coconut 
water. The Hawaiian feast, “luau”, has 
taken its name from the leaves. As a 
delicacy the spadices were baked with 
fish or pork. Today all these dishes are , 
highly esteemed by all races in Hawaii, 
who celebrate birthdays and weddings 
with luaus prepared in traditional style. 



Fio. 5 (JJpp^r), A nearly mature field of wetland taro. When a crop is about seven months 
old, just before the corms begin to mature, the water is turned off and the field fertilized a week 
or two later water is allowed to enter again and to remain until -the crop. has matured. Fio. 6 
(Center), Petioles of various Polynesian varieties of taro, displaying a wide range of color and 
much variation. There are many striped varieties in Samoa and the Dutch East Indies, as well 
as in llawaii, and they offer material for very effective planting in tropical or aquatic gardens. 
Pio. 7 (Lower), Lo% or wet plat, prior to planting, in which huli, or crowns, are kept fresh before 
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Bunches of leaves and petioles are to be 
found at markets. 

Besides being an important item of 
food to the natives, many taros had medi- 
! cal or religious significance. To under- 
stand the reasons why a particular 
variety had a specific use is to under- 
stand the Hawaiian system of nomencla- 
ture. Each plant has certain differences, 
mainly in petiole coloring, which the 
observant Hawaiians carefully noted. 
Some were speckled like a certain bird, 
or striped like a particular fish; others 
were all bright red, or purple-black ; 
while still others were named for the fire 
goddess because of their smoky coloring. 
One taro in particular is a brilliant red 
petioled variety which was named for a 
fish of that color. This fish was fre- 
quently used for offerings; however, if 
the fish were unavailable the taro of the 
same name could be substituted. 

The juice from petioles or whole leaves 
was used for styptics aud poultices. Raw 
corms of mildly “itchy” varieties were 
grated raw and mixed with sugar cane 
juice for pulmonary congestion. Very 
thin poi was fed to infants and invalids 
as an easily eaten and digested food. 
^ 0. W. Barret states that there is no word 
for indigestion in the kanaka language. 
This is untrue as the Hawaiians had in- 
numerable words describing the symp- 
toms.’ Poi was prescribed as a cure be- 
cause the extremely small starch grain 
of taro and the fermented poi causes only 
slight irritation, if any, to sensitive ali- 
mentary tracts. Another variety was 
known as “ohe” or “bamboo” and was 
used medicinally for clysters.’ This taro 
had an extremely hard corm and was 
acrid, which made it unsuitable for eat- 
ing, but it w'as often grown for the sole 
purpose of supplying suppositories, for 
which its properties were well suited. 
Debilitated persons were bathed in thin 
poi which was allowed to dry on the body, 
as it was supposed to improve muscle 
tone. Thrush was evidently a very com- 


mon disease among Hawaiian children 
and consequently many remedies are 
extant. One of these is a mixture of a 
mild taro, raw and grated, and burnt 
coconut meat. 

Nutritional Experiments. Today 
these ancient medical and religious uses 
for taro in Hawaii are all but forgotten 
except in isolated, rural communities. 
However, not forgotten is the fact that 
the old Hawaiians had extraordinarily 
good teeth and physiques which were 
built primarily by taro, eaten in con- 
junction with fish and seaweed. Follow- 
ing this presumption. Dr. Nils P. Larsen 
of Honolulu persuaded the Hawaiian 
Sugar Planters’ Association to let him 
try a nutrition experiment with the 
people on one of the sugar plantations. 
These people were for the most part 
Orientals whose chief food, primarily be- 
cause of racial tastes and for economy, 
was polished rice. Their teefh and bones 
were extremely poor, general health far 
below par, and infant mortality high, 
due to inferior nutrition and physical 
hygiene. Substituting taro for rice in 
the diet. Dr. Larsen proved that taro 
was the factor in the fine physiques of 
the old Hawaiians by showing the vast 
improvement in health of the plantation 
population. In 1935, as a result of Dr. 
Larsen’s investigations, the Honolulu 
Sugar Planters’ Association received a 
large grant of money from the Federal 
Government with which to carry out cer- 
tain experiments. $50,000 of this was 
set aside for investigations into nutri- 
tional uses, agricultural methods and 
diseases of the taro plant. 

/Tests showed that the corm, when 
steamed, was a high energy food contain- 
ing about 30% starch and 3% sugar. 
Moisture was 61%, protein a little over 
1%, with a trace of fat and crude fibre. 
The ash produced is alkaline. When 
eaten in quantity, as it usually is, taro 
is a good source of highly assimilatable 
calcium and phosphorus. Other minerals 
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are present, but in smaller quantities. 
The vitamin content is similar to that in 
white .potatoes, except for thiamin, of 
which taro is a greater source. The 
leaves and petioles when cooked are ex- 
cellent sources of vitamin A and a good 
source of vitamin C.,- 
The greafter part of the investigation 
was to find out what use could be made of 
the corm commercially. In the past, 
various trials had been made to make 
^ur. .The first attempts were made in 
1823 by the American missionaries who 



Fia. 8. Taro stalks as they are sold in Ori- 
ental markets of Hawaii. The petioles of all 
varieties, especially of dasheens, constitute a 
favorite food of the Orientals, and are diced and 
fried with meat or boiled as greens. (Courtesy 
Hawaii Agr. Exp, Sta.) 

sun-dried raw corms and ground them 
in a hand mill. In 1874 scraped taro was 
furnace-dried. Still later in 1886 the 
last Hawaiian king, Kalakaua, subsidized 
the taro flour industry to encourage ex- 
ports to other countries. By the time of 
the present experiments more than 
$66,000 was lost in attempts to produce 
and market taro products. * 

In 1935 a leader in the search for new 


taro uses was Gaston J. Ley. He inves- 
tigated varieties of taro which would 
make the best flour, and sought to im- 
prove production methods in poi fac- 
tories as well as to discover all possible 
uses for taro which would be commer- 
cially feasible. Through his work it was 
^ learned that taros which make the best I 
poi also make the best flour. Dasheens, y 
or Oriental taros, which do not make 
good poi, were found to make unsatis- 
factory flour. It was also discovered that 
pre-cooked taro is better than raw corms. “b 
Through various ways of drying cooked 
taro different products can be made. 
These can be varied by adding flavoring 
or skim milk either before drying or 
afterwards. Tray drying was found best ii 
for flour and cereals, drum drying for 
beverage powders. Taro corms were 5 
' canned and found to be unchanged and 
as palatable as fresh cooked corms. 

Mr. Ley decided that by u.sing the 
scientific and practical discoveries made 
from his experimenfs he could success- 
fully start a factory making these vari- 
ous taro products. In March of 1937, 
with the financial backing of several 
prominent Honolulu men, Hawaiian Taro 
Erqducts, Ltd. was founded and went 
into production on an experimental basis. 
The initial capital was $60,000, and the 
capital limit $1,000,000. The factory 
was located in the midst of good taro- 
growing land, and very near transporta- 
tion facilities. /Flour was made in quan- 
tities of one ton daily. Beverage powders 
and cereals were made in smaller quan- 
tities. These products were sold both 
locally and in the continental United 
States. However, on the advent of war, 
the company was forced to shut down. 
Now under new management, this fac- 
tory is beginning again, this time on a 
larger scale, as the products have proved 
their worth. 

f These goods consist of flour, or “Poyo- 
Meal”, as it is called for mainland sale; 

“ Taro-Lactm-”, or .“Poyolin”, a taro 
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flour-skim milk infant food; and “Taro 
Malt”, or “Poyo-Malt”, a plain or choco- 
late-flavored malt beverage powder./ Be- 
fore the war they could be found in 
Honolulu markets and drug stores, and 
on the mainland in health food stores. 
Now, due to extremely limited produc- 
tion, one must write to the company for 
these products. 

* Two more Hawaiian companies can poi 
mainly for local consumption, and there 
are numerous factories, mostly small, 
which produce fresh poi for local con- 
sumption. 

Several other products have been tried 
in the past with more or less success. 

^The most popular of these were thinly 
sliced pink-cormed or colored-fiber corms 
fried in deep fat. Both their flavor and 
attractiveness made these taro chips 
much in demand.. Their manufacture 
was discontinued during the war, but 
will no doubt be revived when more taro 
is produced. 

^Two types of breakfast foods at- 
tempted by the experimental compariy 
were dry shreds and a grit Avhich could 
be eaten dry or cooked. Although these 
were palatable they were unable to com- 
pete successfully with already established 
cereals. In 1888 the same fate had ac- 
companied an attempt to make niagaroni 
and crackers. Dried poi has constantly 
been tried in the islands, but has never 
been a commercial success. 

U. S. Taro Products 

In the continental United States a few 
attempts have been made to manufacture 
raw dasheen flour, also without success. 
At present we do not know of any com- 
pany doing this work. Dasheen sprouts 
are forced in greenhouses in Florida as 
a winter crop, and when cooked like as- 
paragus, the shoots have a flavor remi- 
niscent of mushrooms. 

Experiments have shown that taro 
starch has possibilities for sizing textiles, 
but due to a gummy substance present in 


all taros, commercial production might 
be impossible unless a cheap and easy 
way could be found to remove the gum. 

Production Problems 

Today, as in the past, many major 
obstacles are encountered in the Islands 
in producing taro and its products. The 
first important problem is the creation 
of a ready market. Because of their 
familiarity with the plant. Island people 
in all economic brackets eat taro or poi 
frequently in conjunction with or as a 
substitute for rice and potatoes. In fact, 
the demand for poi is so great that not 
enough taro is grown to supply the fac- 
tories or to supply' the markets with 
corms for table use. When corms are 
found they are attractively sold in the 
old Hawaiian type of bundle, four corms 
tied together with the petioles attached. 

Dasheens are more common. They 
are peddled in vegetable wagons, or sold 
by the pound either whole or peeled, sub- 
merged in jars of water where they are 
kept until used. As dasheens are Orien- 
tal taros they are most frequently eaten 
by the Japanese and Chinese. In 1945, 
there were only 18 acres under cultiva- 
tion which supplied the market fairly 
well. Those Orientals who have a little 
land invariably grow their own dasheen 
crop. 

Taro leave.s, or luau, are found occa- 
sionally at native markets, and when de- 
sired in quantities can be ordered. The 
cooked greens are preferred to spinach. 
Orientals have a preference for taro 
petioles, either green or blanched, and 
these are available solely at Oriental 
markets or vegetable wagons. 

Medical Value 

The local people of Hawaii have long 
been hesitant to try dried taro products, 
primarily because such products are dif- 
ferent, but through the aid of local physi- 
cians the people are gradually becoming 
familiar with them and enjoying their 
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flavor. Tard-Laetin is now a regularly 
prescribed infant food and can be fed to 
a newborn baby almost immediately, ac- 
cording to the doctor’s formula. Pa- 
tients suffering from ulcers and other 
alimentary disorders, or convalescents, 
derive great benefits from this easily di- 
gested, nutritive food. It is also recom- 
mended strongly in pre-natal diets as 
well as for nursing mothers. Taro flour 
is prescribed to cereal allergy sufferers. 

Flour 

Taro flour is frequently used in Hono- 
lulu bakejiies to make a wide variety of 
breadstuffs. Its properties are very 
similar to those of potato flour, and the 
flour must have the same handling; its 
range of possible combinations, however, 
is wider. 

Taro bread is the most widely sold 
product of taro flour. Besides its dis- 
tinctive color and flavor, taro bread, con- 
taining 15% taro flour and 85% wheat 
flour, stays fresher than ordinary bread 
because of the moisture-absorbing prop- 
erties of taro. Cakes, cookies and dough- 
nuts taste better when made with this 
flour. Because taro does not contain the 
glutinous properties of wheat, taro flour 
makes excellent thickening for gravies 
and puddings, as they will not become 
rubbery. 

Experiments have shown that all varie- 
ties of taro make similar flour. There- 
fore, when more taro can be grown com- 
mercially, flour will probably be classified 
as grey, pink, yellow or white, depending 
on the variety, and each can be used for 
different food products. At present the 
color of taro is one of its greatest handi- 
caps. Pew foods are so variously colored. 
Because the most important commercial 
varieties are pink cormed, all dried prod- 
ucts range from pink to salmon color. 
This will create one of the greater prob- 
lems in educating the non-Hawaiian 
market to use these products. 


Acreage 

Once the public has become familiar 
with the products of taro and wishes to 
buy them, the farmers of Hawaii will 
have to plant more acreage. At the time 
of this writing there are only 804 acres 
of both wet and dry land taro grown in 
Hawaii, not including dasheens. Al- 
though an acre of wet taro averages 12 
tons of harvested eorms, and dry taro 
ten tons, one must remember that this 
crop can be harvested only once, nine to 
19 months after planting, depending on 
the variety. The farmers, who are for 
the greater part Chinese and Japanese, 
like all farmers, want to make money. 
With taro land rentals excessively high 
and the present wholesale price of taro 
about $.03 per pound, the farmers would 
rather grow other truck crops . which 
bring in more money per crop and which 
can be harvested every four months in- 
stead of every twelve. 

Labor 

Moreover, wet taro culture is a tedious, 
filthy job. With the changing social con- 
ditions among the Orientals the younger 
people, if they must farm, prefer cleaner 
work. Their predecessors came from 
rice-growing lands and continued to 
grow rice in abandoned taro patches. 
With the gradual decline in local rice 
production these lands either became 
pastures or reverted to taro which then 
had a good market. Gradually another 
shift is taking place to accommodate the 
new social change. More and more taro 
is being grown under dry land conditions 
which is similiar to other truck garden- 
ing. Before many more years go by, pro- 
vided there is an increased demand for 
taro products, one will see wet taro only 

in small isolated communities. 

- 

%>i8eases 

Another factor in the change from wet 
to dry culture is the higher prevalence 
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of disease in lo’i. The old Hawaiians 
spaced their taro far apart and insured 
a steady stream of cool water through the 
plot, carefully tending the plants before 
their roots were well established. Today, 
with money-making the foremost idea, 
the farmers crowd their plants, crop 
after crop, with the result that the whole 
field usually is wiped out by disease or 
by worn-out soil. 

Wet taro is heir to more hazards than 
dry. Two rots cause the most serious 
damage. An unidentified Pythium rot 
causes the corm to become mushy and 
malodorous. The other is a hard rot, 
the cause of which is still unknown, since 
no definite organism has been identified. 
Both of these rots can be controlled by 
planting healthy huli from taros known 
to be resistant to the disease, in rotating 
or fallowing fields, and by insuring a cir- 
culating current of fresh water through 
the lo’i. Great losses are caused also by 
a leaf spot (Phyfophthora colocasiac). 
No taro is resistant to it, but it can be 
controlled by planting huli 30 inches 
apart and by growing the plants in a 
cool, dryish location free from constant 
strong winds. Contrary to popular 
opinion, taro does better in a climate 
which has a temperature not far above 
or below 70 degrees Fahrenheit, and 
which is not too humid. 

Other problems not caused by disease 
or poor agricultural methods are few, but 
have cau.sed serious loss. Several years 
ago a crayfish {Astacus iiigriscens) was 
introduced as frog feed, but these escaped 
through waterways to lo’i where they not 
only destroyed roots but bored holes 
through dykes, causing leaks. By con- 
stant treatment of the water with pra- 
radi-ehloro they can be controlled. On 
April 1, 1946 many coastal taro fields 
were destroyed or damaged when a tidal 
wave inundated them. The lo’i were im- 
mediate|^y repaired and the taro replaced 
without excessive loss. 

Upland, or dryland, taro, besides being 


easier to cultivate, is either immune from , 
or highly resistant to diseases common in 
the lo’i. A leafspot {Phyllosticta sp.), 
a root rot {Sclerotmm Bolfsii) and nema- 
todes cause a nuisance, but are of small 
economic importance. Sufficient irriga- 
tion and the above cultural precautions 
are used to control them. As dryland 
taro is usually grown at from 1,000 to 
2,500 foot elevations in rich, humus soil, 
climate other than an insured rainfall of 
70 inches is of small importance, as the 
temperature at these elevations is always 
cool during part of the day. However, 
with the growing imporiance of drylaiul 
culture for wetland varieties, the farmer 
must keep in mind the necessity of a 
cool climate. 

Harvesting 

Haijvesting is accomplished in both 
wet and dry fields by hand pulling. The 
huli are cut off, the corms roughly 
washed and put into gunny sacks which 
hold about 100 pounds. With greater 
production a harvester, similar to a 
potato harvester, could be more profit- 
ably used, but at present hand pulling is 
satisfactory. 

Poi 

As most poi factories are situated next 
to the taro fields, transportation is of 
small importance. One exception to this 
is in Waipio Valley on the island of 
Hawaii. Waipio is one of the oldest and 
largest taro-growing communities and is 
extremely primitive. To get in and out 
of this deep valley one must walk or ride 
down a steep cobblestone road. One of 
the picturesque sights to see is the weekly 
cavalcade of pack mules loaded with 
large packages of paiai (dried poi) wind 
up the trail to the town on the brow of 
the cliff. 

/At the poi factory, usually a one- or 
two-room cement building, the corms are 
steamed under pressure as they come 
from the field. They are then peeled and 
trimmed by hand and are ground into 
paiai. Next, the paiai is mixed with suf- 
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ficient water to comply with the local 
pure food regulation that poi should con- 
tain at least 30% solids. It is then set 
aside in barrels to ferment from one to 
five days. Frequently a ‘ ‘ starter ’ ’ of poi 
is used to insure proper fermentation 
which is brought about by five common 
soil bacteria' that are not killed during 
the cooking process./ 

Occasionally this regulation is “com- 
plied” with by adulterating the poi with 
flour when taro is scarce. Other adulter- 
ation is carried out by adding pink food 
coloring to make common grey poi look 
like the choicer red poi. These practices 
are fortunately not often found today, 
although they were once quite common. 

Poi is sold directly from the factory, 
where people queue up in long lines 
when it is on sale. It is sold in whj^e cot- 
ton sacks containing about two pounds, 
and sells for $.20 a pound. Before the 
war a bag containing about five pounds 
sold for $.25. ^In rural areas a truck de- 
livers poi to houses wanting it, where a 
white flag, called “poi flag”, has been 
raised by the front gate, p 

Dried Products 

The dried taro products factory must 
go through the same preliminary steps as 
a poi factory, except that no fermentation 
takes place. The paiai is refrigerated 
for 36 hours so that the stickiness pe- 
culiar to taro is eliminated. Chunks of 
refrigerated paiai are then shredded by 
machinery. The next step depends on 
the product desired. If it is to be flour 
or breakfast grits it is tray-dried. If it 
is to be beverage powder it is mixed with 
water and flavoring and drum-dried. 
“Taro Lactin” is sealed in No. 2^ tins 
because of the present taro shortage, but 
is soon to come out again in its pre-war 
ten-pound can. Taro flour is today sold 
in ten-pound tins but formerly was dis- 

1 LaotobacHlua delbruelei, L. pastorianns, L. 
pentoaceticvs, Streptocoeous laetia and 8. hefir. 


pensed in 100-pound sacks for bakeries 
and hospitals. 

At present there are only three com- 
panies which make enough poi for can- 
ning, and only one of these has a large 
enough supply to export. This last com- 
pany, Hawaiian Foods, Ltd., formerly 
Hawaiian Taro Products, Ltd., is the 
only one making dried taro products. 

The future of taro production in 
Hawaii is uncertain. The crux of the 
situation rests with the public: if they 
know about taro, do they want to eat 
more of it and its products? If they 
don’t know about it, are they willing to 
give it a fair trial ? The Hawaiian Foods, 
Ltd. is about to launch a' trial balloon to 
find the answers to these questions. If 
they are successful in their endeavor, a 
new major industry will be developed in 
Hawaii and might be an imp|^|;U8 to Cali- 
fornia and to the southern States to 
seriously grow dasheens for commerce, as 
it has been proven that these States are 
well suited to its culture. 

■ Summary 

Taro roots figuratively reach back into 
history. Taro, in its various forms, has 
been grown throughout large sections of 
the world for more than 2,000 years. It 
was a familiar and important food crop 
in India, Malaysia, China and Japan 
when Pliny first saw it growing in Egypt. 
B{?yptian taro was sent to Rome, whence 
it spread to Portugal and to marshes in 
Mediterranean islands. About 200 years 
ago taro even found its way from China 
to Sweden, where it was displayed as a 
hothouse curio. Negro slaves from 
French Tropical Africa grew taro for 
the first time in the earth of the New 
World. 

While taro, in its many forms, was 
being carried about and cultivated in 
Africa, Europe and Asia, it was also put- 
ting its roots into marshes and mountain 
lands of countless Pacific islands. The 
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daring Polynesian seafarers, moving 
across the great Pacific Ocean in double 
canoes, searching for and settling on 
new island homes, carried with them 
their staff of life, the taro plant. To 
this day taro is still the most important 
food in the diet of many Pacific natives. 
/ It is worthy of mention, in summariz- 
ing the history of taro, that this interest- 
ing and healthful crop, though cultivated 


and eaten by millions of people through- 
out the centuries, has never had great 
commercial value. Almost without ex- 
ception taro has been eaten only by those 
who cultivated it. 

It is highly possible that today a new 
chapter in taro history is being written. 
Within the next few years taro may 
finally come into its own as an important 
commercial food crop. 


Utilization Abstracts 


Sesame. Since ancient times the seeds 
ot* sesame, Sesamum indicum of the Pedal i- 
aeeae, have been a very important source of 
vegetable oil in China and India. ‘‘In many 
parts of the world the seed is well known 
as an adornment on bread and rolls. To a 
lesser extent it is used in candy and in a re- 
freshing drink called horchata. The oil, usu- 
ally pale yellow when refined, is used as a 
salad and cooking oil and as a component in 
the manufacture of margarine, shortenings, 
and soap. Sometimes it is mixed with olive 
oil as an adulterant. Small quantities of 
sesame oil find outlets in the pharmaceutical 
and perfume industries. In some countries 
the oil is still used as an illuininant. 

The leaves, when submerged in water, form 
a mucilage-like substance used in treatment 
of diarrhea and dysentery. The pressed 
cake makes an excellent livestock feed, con- 
taining from 10 to 20 percent oil, depending 
upon the method of extraction and conditions 
of growth”. 

China has long been the principal producer 
of the seed, and in recent years has supplied 
about half the world total, with India sup- 
l)lying about one third, and Latin America 
and Africa the remainer. In 1945 world 
production was estimated at nearly a million 
and a half short tons of seed, and of this 
quantity about 100,000 tons were grown in 
Latin America. 

The plant, of tropical and subtropical re- 
gions, is an annual, originally from Africa, 
and grows two to five feet tall, producing 
oblong seed pods about IJ inches long con- 
taining about 80 seeds each. The oil content 


of the seed varies from 45^/t to 55%. Har- 
vesting begins 110 to 140 days after planting 
and is performed by hand cutting or machine 
mowing. The seeds are obtained by thresh- 

Sesame is the largest single source of 
vegetable oil in Mexico wliere close to 90,000 
short tons of seed were produced in 1945 and 
where the oil is normally used for edible 
purposes, secondarily in soap manufacture. 
In that country hydrogenated sesame oil is 
reported to be popular with the baking trade 
as a lard substitute. In Nicaragua, too, it is 
the most important source of vegetable oil. 
In the 1942--1943 season about 4,500 tons of 
the seed were produced there, much of it 
being sent to the United States. In Colombia 
production reached a peak of 0,800 tons of 
seed in 1943. In Venezuela 3,300 tons of 
seed were pro<luced in 1944. Brazil, Peru, 
Ecuador and other countries of Latin America 
produce smaller amounts. 

In the United States only experimental 
plantings have been made in the South, in 
California and in Arizona. During 1935- 
1939, previous to obtaining the seed from 
South America, about 27,000 short tons were 
annually imported, primarily from China and 
India. (/>. E, Fnrringer, Agriculture in the 
Americas 6: 160. 1916). 

Brazilian Timbers and Medicinals. 

The Brazilian Government Trade Bureau 
issued in 1946 the following two pamphlets 
of about 20 pages each : “Timber in Brazil”, 
“Medicinal and useful plants in Brazil”. 



Veneers and Plywood — Their 
Manufacture and Use 

Two closely related industries that depend, to a major 
degree, upon domestic sources of red gum, Douglas- 
fir, black walnut, red and white oaks, sugar maple, 
Sitka spruce, Ponderosa pine and Port Orford cedar; 
and upon foreign sources of mahogany, rosewood, 
zebrawood, avodirS, boss4, ebony and other exotic 
species. 


ELLWOOD 

Definitions and History 

Veneers are thin sheets of wood of 
uniform thickness produced by sawing, 
peeling or slicing logs, bolts and flitches. 
“Plywood” is a trade term applied to 
composite wood panels composed of an 
odd number of sheets of veneer bonded 
together with a suitable adhesive in such 
a manner that the grain of each adjacent 
layer lies at right angles to that of the 
next. The simplest panel is a 3-ply 
member consisting merely of face, core 
and back plies. In panels comprised of 
five or more layers of wood, the grain 
of the face, core and back plies parallel 
one another; the alternate sheets are 
known as crossbands (Pig. 1). The 
term “plywood” is applied commonly 
also to panels in which a lumber core of 
some predetermined thickness is used in 
place of the conventional veneer core. 
“Laminated wood” is not to be confused 
with “plywood”, although these two 
terms are not infrequently used synony- 
mously. In the restricted sense, a lami- 
nate is a multi-ply panel or structure in 
which the grain of all layers parallel one 
another. 

The art of veneering is nearly as old 
as civilization itself and actually ante- 
dates the birth of Christ by more than 

1 Profeasor of Wood Technology, School of 
Forestry, Duke University, Durham, Korth 
Carolina. 
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1,500 years. Exquisitely designed and 
skillfully fabricated pieces of plywood 
furniture, found in the tombs of the 
Pharaohs, give silent testimony to the 
dexterity and artistry of the ancient 
Egyptian cabinet makers. A number of 
the essential features of a modern ply- 
wood panel were found in the headboard 
of a bedstead reputed to have belonged 
to the grandparents of Tutankhamen’s 
wife. Made of laburnum wood and lav- 
ishly embellished with gold and precious 
stones, it was as sound as though it w^ere 
made but yesterday. How the wood was 
cut into thin, delicate sheets of veneers, 
or what was the nature of the adhesive 
that stood the tests of 35 centuries, is a 
story yet untold. 

In the years that followed, Assyrian, 
Babylonian and Roman craftsmen, in- 
fluenced by the Egyptian stylists, made 
several significant advances in the use 
of veneers in cabinetry. The Romans 
developed the art of matching figured 
veneers to produce unusual decorative 
effects as well as beautiful patterns of 
warmth and charm. In his “Natural 
History,” Book XVI, Pliny revealed 
that the root-wood of certain species was 
often used, thus indicating that the 
ornamental value of stump and root- 
wood hai? long been recognized. He also 
recorded t^t among the many personal 
treasures of <Iulius Caesar, the one held 
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in highest esteem was a beautifully 
veneered table. 

During the Middle Ages and early 
Benaissance, oppressive ecclesiastical 
and political orthodoxy effectively stifled 
all creative thinking, cultural interests 
and practice of the arts. Toward the 
end of the latter, however, a revival for 
learning became manifest, and in the 
years that followed, some of the world’s 
flnest masterpieces in sculpture and 
painting were created. Interests in 
wood-working and marquetry were also 
re-born, and in 1769 Riesener completed 
his “Bureau du Roi” for Louis XV, 
said by many in authority to be the 
finest specimen of veneered furniture of 
all time. The eighteenth century also 
w'itnessed the peak in period stylings 
and with it the creations of such re- 
nowned craftsmen as Duncan Phyfe, 
Hepplewhite, Chippendale, Sheraton 
and the Adams brothers. 

Until the middle of the nineteenth 
century the finest furniture was hand 
made, and into each piece went all the 
skill, ingenuity, artistry and pride of 
the master. Quality, not quantity, was 
his watchword. The work w'as slow, 
painstaking and laborious; the furniture 
costly and available only to the wealthy. 

About 1840, furniture manufacturers 
began to mechanize their shops in order 
to i)roduce goods on a mass production 
basis. In some of the shops quality' was 
readil.y sacrificed for quantity. Ornate 
inlays and a variety of highly figured 
veneers were applied over poorly fabri- 
cated structure merely for the puri)o.se 
of concealing shoddy workmanship. 
Eventually this practice adversely af- 
fected the sale of all veneered furniture 
because buyers began to regard such 
merchandise as an inferior substitute 
for comparable articles constructed of 
solid lumber. This concept is still held 
by many uninformed, even in these 
modern times, and our leading diction- 
aries do little to dispell this view, de- 


fining veneer as “a layer of more valu* 
able or beautiful material over an in- 
ferior one.” 

Veneering as practiced today needs no 
defense, but rather an intelligent under- 
standing of the purposes and advantages 
of veneered construction. Engineers, 
wood technologists, chemists and design- 
ers have combined their knowledge and 
skills to produce a superior wood. This 
is plywood. How it is made, its advan- 
tages over solid lumber, and its man^ 
uses will now be reviewed. 

Manufacture of Veneers 

There are at present five methods em- 
ploj'ed in the manufacture of veneers. 
Prior to the twentieth century, veneer 
logs were first cut into flitches*, and the 
flitches in turn were cut into thin sheets 
of wood by driving them against a circu- 
lar saw. This was both an expensive 
ami wasteful procedure, since much of 
the best and clearest wood in a log was 
removed as slabs, and more than half 
of the potential veneer in the flitches 
was reduced to sawdust in the sawing 
operation. In more recent years rotary 
lathes and slicers have all but replaced 
the veneer saw. and today less than 5% 
of all veneers manufactured in the 
United States are sawn. 

Rotary-cut Veneer. At present nearly 
90% of all veneers manufactured are 
rotary cut. In this process a bolt of 
wood of predetermiuetl length is held 
by two chucks and centered on a mas- 
.sive lathe. When in place the bolt is 
slowly turned against a stationary knife 
extending across its length. Figure 2 is 
a diagrammatic sketch of the modern 
lathe. The bolt (A), turning in a coun- 
ter-clockwise direction, strikes the knife 
(B) and a pressure bar (C) which holds 
the wood firmly at the instant of cut- 
ting. The knife carriage (E) automati- 
cally moves the knife into the revolving 

2 A flitch is a longitudinal segment from a 
log. 
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bolt at a given speed, thus controlling 
the thickness of the sheet. The result- 
ing veneer (D) is led out through a slot 
in the knife carriage. In rotary cutting, 


logs 12 to 16 feet in length are used by 
a few manufacturers. More commonly, 
however, logs suitable for the manufac- 
ture of veneers are sawn into peeler-bolt 



Fig. 1 {Upper left). Typical 5-ply panel conatruction. Fio. 2 {Upper right). Diagram- 
matic sketch of a modern veneer lathe. Fig. 3 {Center left). Diagrammatic sketch illustrating 
stay-log cutting. Fig. 4 {JA>wer left). Diagrammatic sketch illustrating back cutting. Fig. 5 
{Lower right). Diagrammatic sketch illustrating cone-cutting. 


a bolt is literally unwound (much as one lengths of from 24 inches to 8 feet and 
might unroll a bolt of wrapping paper), turned on smaller, faster lathes, 

and the veneer is produced in a long, The surfaces of veneers, to be suitable 
continuous ribbon of wood (Pig. 6). for gluing, must be clean and smooth. 
Giant lathes capable of peeling whole Experience has taught the producer that 
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a better sheet is obtainable from woods of 
moderate density if the bolts are first 
steamed or steeped in boiling water for 
several hours before they are peeled. 
Some of the softer, low density woods, 
such as basswoods, yellow-poplar, Doug- 
las-fir, spruce and cottonwood, produce 
better veneers if they are “cold-cut”, 
since fuzzy, fibrous veneer surfaces are 
not unusual if the wood of these and 
similar species is subjected to prepara- 
tory heating. When bolts are heat-con- 
ditioned the bark is ordinarily removed 
after the cooking process. 

notary veneers are manufactured into 
thicknesses ranging from 1/40 to 1/4 
inch. The thicker veneers (1/8" and 
up), if unrestrained, have a tendency 
to a.s8ume the peripheral curvature of 
that part of the bolt from which they 
are cut. When fiattened the upper sur- 
face is under compre.ssion and the lower 
face is in tension. As a result of the 
tension .stresses set up, numerous minute 
checks and cracks dev’elop in the lower 
face. Veneers of this sort are said to be 
“one-face” veneers. The face in com- 
pres.sion is called the “tight side”, the 
other, the “loose side”. When one-face 
veneers are used for face and back jilies 
of plywood panels, the loose side is al- 
ways on the glue line. In producing 
thinner sheets it is possible to cut them 
without the subsequent development of 
checks in the lower surface. Veneers of 
this sort are termed “tight-cut”. Tight- 
cut veneers are more readily produced 
when excessive pressure is exerted by 
the pressure bar. If the pres.sure is in- 
tentionally relaxed, the fibers in the 
wood are easily ruptured and “loose- 
cut” veneers result. Loose-cut veneers 
have much less tendency to bow than do 
tight-cut sheets. To aid the manufac- 
turer in keeping track of the tight side 
of veneers throughout subsequent opera- 
tions, a scribing device on the lathe 
(Pig. 2, F), a pencil or crayon, marks 
the sheet as it is cut. This mark may be 


sanded out or trimmed off later in the 
finishing of the plywood panel. 

Rotaty cutting is the cheapest means 
of producing- veneers, and the bulk of 
the veneers cut in this manner are of 
the commercial variety. Commercial 
veneers are those which are used largely 
in the fabrication of articles where 
strength rather than figure is of pri- 
mary concern. However, the lathe is a 
versatile tool, and many types and 
grades of veneers ranging from coarse, 
cheap materials used for berry boxes, 
citrus crates and egg cases, to the ex- 
pensive and highly figured face veneers 
of black walnut, bird’s eye maple and 
tamo® used in cabinetry are rotary cut. 

When a ribbon of rotary cut veneer 
leaves the lathe it pas.ses over a series 
of table rolls which conveys it to a clip- 
per or guillotine. Here major defects 
are cut out and the ribbon clipped into 
veneer sheets of standard widths. After 
sorting and grading the sheets are ready 
to be dried. 

Stay-log Cutting. This is merely a 
modification of rotary cutting and is 
used primarily for the production of 
fancy face veneers cut from longwood,'* 
burls, stumps and crotches. 

A stay log is merely a long, flanged, 
steel casting mounted on eccentric 
chucks in a conventional lathe. A sec- 
tion of longwood (flitch) or other mate- 
rial is securely fastened to the stay log 
by short, heavy lag screws inserted 
through pre-drilled holes in the flange 
(Pig. 4). Longwood mounted and cut 
in the manner illustrated (Fig. 4) is 
said to be “half-round cut.” Since the 
operator may change the radius of the 
swing of the stay log at will, it is pos- 
sible to enhance the figure of such sheets. 
Stay-log cutting also permits manufac- 
ture of wider sheets of veneer than is 
ordinarily possible in the conventional 
slicing operation to be described. Pig- 

3 Japanese ash. 

* Flitches from a log or bolt. 
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ure 9 illustrates a typical “black-cut” 
stay-log operation. Back-cut veneers 
obtained from stump-wood and crotches 
are usually handsomely figured (Fig. 
12), but care must be exercised in han- 
dling them. Fiber alignment in materials 
of this sort is very irregular. In conse- 
quence, much fiber is cut across rather 
than along the grain, and the resulting 
sheets are apt to be brittle, particularly 
when there is an abundance of “short- 
grain”. 

Cone*cutting. Cone-cut veneers are 
circular sheets of veneer made by taper- 
peeling a bolt (Fig. 5), in a manner 
similar to sharpening a pencil. The con- 
tact angle of the knife determines the 
degree of taper, the approximate width 
of the sheet for a bolt of given diameter, 
and the number of revolutions the bolt 
must take to produce a complete circular 
sheet. Veneers made in this way are 
“short-grained” and hence are apt to be 
brittle. However, they usually possess 
beautiful stellate or “wheel” figures and 
are used in the fabrication of panels for 
fancy circular table tops. 

Sliced Veneers. Veneer slicers were 
developed/ in an effort to eliminate the 
wasteful practice of sawing. With nu- 
merous improvements of the original 
slicing device, most of the figured woods 
that were formerly sawn into face ve- 
neers are now cut on slicers. While 
slicers can be used to produce veneers 
of all types, they are largely used only 
for figured woods for face stocks. 

Sliced veneers are usually cut in log 
lengths of from 12 to 16 feet, although 
cutting is by no means restricted to such 
limitations. Logs to be used for the 
production of sliced veneers are first 
halved lengthwise on a circular or band 
saw, and then not infrequently cut into 
smaller flitches at the option of the pro- 
ducer.; .^n experienced and skilful 
operaj^^iffi usually in charge of pre- 
paringrae flitches. Upon inspection of 
an opened log he must be able to visual- 


ize the hidden figures it possesses, and 
to indicate how it is to be flitched in 
order that these figures may be brought 
out in the veneers subsequently cut. If 
in his judgment radial slicing is desired, 
the half-log is further reduced to six or 
eight flitches for the production of quar- 
tered-veneers, i.e., the slicing plane is 
parallel to the wood rays and at right 
angles to the growth rings. If, on the 
other hand, “flat-eut” veneers® are to be 
sliced, no further flitcliag is ordinarily 
required. Before the actual slicing 
operation begins, it is necessary to ten- 
derize the logs and flitches in steam or 
hot water vats in a maimer similar to 
the treatment of bolts for rotary cutting. 

A vertical slicer is most commonly 
used in the veneer plants of the United 
States. In practice a flitch is firmly 
“dogged” to a heavy metal bed plate 
fastened to tM’o angling slides set in a 
heavy metal frame. The flitch is driven 
down against a pressure bar and knife, 
and the resulting sheet pa^s out 
through a slot in the knife carriage 
(Fig. 7), similar to that on the rotary 
lathe. On the up stroke the knife car- 
riage moves forward and thus is in posi- 
tion to slice off another sheet with the 
next cutting stroke. The angling slides 
give the flitch a slight lateral movement 
as it travels toward the knife. This 
makes for smoother veneers, since the 
cutting action is somewhat along the 
grain of the wood rather than directly 
across the fibers. Such a shearing action 
is particularly helpful in producing 
smooth surfaces when woods with curly, 
wavy or interlocked grain are sliced. 

When slicing face veneers, the sheets 
from a given flitch are turned over as 
they come from the knife and stacked 
consecutively, exactly in the order cut. 
Such a bimdle is also called a “flitch”, 
and in subsequent handlings it is re- 

» Flat-eut veneers are made by slicing half- 
sections of logs. Both quarter-grained and 
flat-grained figures are then commonly present 
in the same sheet. 
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Pio. 8 {Upper). Battery of veneer segment saws. Pio. 9 (Lowery. Walnut stump bei^ig 
cut on stay-log. (Photos courtesy Wood Mosaic Co., Louisville, Ky.) 
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^^arded as a unit; especial care is exer- 
cised to preserve sheet- sequence at all 
times. The reasons for this will be ex- 
plained later. 

Sawn Veneers. In these modern 
times but little veneer is produced by 
sawing. Ordinarily sawing is restricted 
either to woods of cabinet rank that are 
highly refractory and unsuitable for 
slicing (ebony, satinwood, knotty east- 
ern red cedar), or to those that cannot 
be tenderized in cooking vats without 
impairing their color. Woods with ap- 
preciable tannin are commonly sawn, 
since hot tannin extracts coming in con- 
tact with a knife impart objectionable 
iron taunate stains to the wood. 

The modern veneer saw is known as a 
“segment saw” (Fig. 8). It consists of 
a heavy metal, tapering flange (mounted 
on an arbor) to which are bolted several 
thin, saw-steel segments along its periph- 
ery. In this way the kerf is consider- 
ably less than that of a conventional 
circular saw blade of similar size. De- 
spite this, about half of a flitch is re- 
duced to sawdust in the production of 
1 / 20" veneer. 

Sawing a sheet of veneer differs little 
from the conventional method of sawing 
a board. A flitch, prepared in the usual 
manner, is fastened securely with timber 
dogs to a carriage and then driven into 
the whirling blade. When the saw has 
j)a.ssed through the flitch, the carriage re- 
turns to its former position, moves for- 
Avard a distance equal to the combined 
thickness of a sheet and saw blade, and 
the cutting operation is then repeated. 

Port Orford cedar and basswood slats 
for venetian-blinds, and cedrela shook 
for the manufacture of cigar boxes are 
also commonly made with a segment saw. 

Veneer Thicknesses. Veneers are cut 
in a wide variety of thicknesses, ranging 
from 1/110 to 3/8 of an inch. Most of 
the rotary veneers are 1/7", 1/8", 1/9", 
1/10", 1/16" or 1/20" thick. Sliced ve- 
neers usually range from 1/20" to 1/40", 


but the bulk of face veneers so cut are 
either 1/20" or i/28" in thickness. The 
very thin sheets of cedrela (Spanish 
cedar, Cedrela odorata), used to wrap 
individually fine cigars, and some other 
speciality veneers are often only 1/100" 
to 1/110" thick. During World War II, 
1/64" mahogany veneers were used in 
the manufacture of wing-skins for air- 
craft. Sawn veneers vary from 1/4" to 
1/32" in thickness, with 1/20" stock be- 
ing the most common. 

Veneer Drying. Freshly cut veneers 
are ordinarily very wet, and in that con- 
dition are wholly unsuited for gluing. 
Moreover, they are readily susceptible 
to the attack of molds, blue stain and 
wood-destroying fungi. Thus it is nec- 
essary that excessive moisture be re- 
moved from them as rapidly as possible, 
consistent, of course, with good drying 
practices. Exception to this general 
rule may be found in the basket indus- 
try. Since wood is much more pliable 
when it is wet, it may be bent to much 
sharper curvature without danger of 
rupture. Hence the basket weaver com- 
monly works with wet veneers, and dries 
them only after the product is fabri- 
cated. 

Several methods for drying veneers 
are in common use. The selection of one 
of them for any given plant is usually 
dependent upon the ultimate use of the 
stock and the facilities available to the 
manufacturer. 

1. Air drying. The cheap grades of 
rotary (and occasionally sliced) veneers 
used for fruit and vegetable crates, egg 
cases and packing case materials are 
sometimes dried in the open. In such 
instances they are dried merely enough 
to prohibit the growth of fungi and to 
reduce shipping weight. When air dry- 
ing is practiced, the sheets are laid be- 
tween tiers of stickers, or loosely stacked 
on end in finger racks in order to permit 
free circulation of air over their sur- 
faces. 




Ita. 10 {Upper), Boiler type, five-deck eon veyor drier.' Fro. 11 (Lowers A mn<rai-n ».w 

tJbi^d pTn^U. reSJr^^^ 
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2. Loft drying. A loft' is merely a 
well ventilated room, with or without 
humidity control. Wet sheets of veneer 
are hung on clips from rafters or edge 
stacked in finger racks. Here they re- 
main until the moisture content stabi- 
lizes at 12% to 15%. In thin sheets of 
the order of 1/20" in thickness, only a 
day or two is required to bring the 
moisture content down to within these 
limits if suitable drying conditions pre- 
vail. 

3. Kiln drying. The conventional, 
progressive type, lumber dry kiln is also 
used in drying veneers. In practice 
several sheets are bulked between each 
tier of stickers. One plant in North 
Carolina producing 1/8" rotary red gum 
veneer bulks 10 sheets between stickers 
and dries them to a moisture content 
of 6% in 48 hours. 

4. Veneer driers. At the present time 
most veneers are dried in carefully de- 
signed and engineered devices that per- 
mit rapid and uniform drying without 
adversely affecting the sheets. Two 
types of such equipment, namely, con- 
veyor driers and hot-plate driers, are in 
common use. 

Conveyor driers are chambers 50 to 
100 feet or more in length, fabricated 
of sheet metal and suitably provided 
with heating equipment, and two to six 
paired banks of power-driven rolls or 
belts to move the veneers longitudinally 
through them (Fig. 10). The rapidity 
with which veneer passes through driers 
of this sort is dependent upon numerous 
variables such as original moisture con- 
tent of the wood, manner in which ve- 
neers were cut, veneer thickness, degree 
of dryness required, and efficiency of the 
drier itself. Rotary cut 1/8" sweetgum 
veneer may be dried to a moisture con- 
tent of 4% to 6% in 13 to 16 minutes 
in driers of this sort. 

Hot press driers consist of a bank or 
battery of heated platens. Sheets of 
veneer are placed on the upper faces of 


the platens that are then brought to- 
gether to keep the sheets fiat while dry- 
ing. During the drying interval the 
platens are intermittently opened and 
closed to allow moisture to escape as it 
is driven from the wood. Driers of this 
sort are very efficient but have a smaller 
capacity than the conveyor type. How- 
ever, when fioor space is at a premium 
they are to be preferred. 

The Veneer Industry. A large va- 
riety of woods, both foreign and domes- 
tic, are utilized in the manufacture of 
veneers, but more than one-half of the 
total annual American output is com- 
prised of red gum and Douglas-fir 
(Liquidambar styraciflua and Pseudo- 
tsuga taxifolia, respectively). 

Hardwood veneer manufacturers are 
widely scattered throughout eastern 
United States, although there are a few 
plants on the West Coast. These manu- 
facturers are divided into three cate- 
gories, according to the kind of veneer 
they produce. 

1. Face-veneer manufacturers. These 
usually limit their activities to the pro- 
duction of sliced, sawn or stay-log cut 
fancy face veneers from carefully se- 
lected logs, burls, crotches and stumps. 
Such materials are usually handsomely 
figured and are used as facings for ply- 
wood panels employed in the fabrication 
of furniture, pianos, cabinetry, and for 
interior decorative paneling. 

There are more than 50 manufactur- 
ers of face veneers scattered through the 
Ohio and Mississippi River valleys and 
adjacent territories, the Lake States and 
in larger cities along the Atlantic sea- 
board. 

The manufacturer of face veneer cuts 
his raw materials as received and builds 
up sizable inventories which are stored 
in well ventilated warehouses. After 
each flitch is dried and bulked in sheet 
sequence it is given an identifying num- 
ber. One or more samples are then re- 
moved from each flitch. A sample nor- 
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mally consists of three sheets, one taken 
from near the top of the flitch, one from 
about the middle and one from near the 
bottom. The flitch identification number 
is mark^ on these samples together with 
the total square footage in the flitch. 
These samples are sent to salesmen who 
sell the entire flitch based upon the sam- 
ples shown. The importance of preserv- 
ing sheet sequence of face stocks now 
becomes evident. The buyer in examin- 
ing the sample sheets can determine the 
degree of uniformity of figure in the 
entire flitch, and whether it is suitable 
for his needs. A uniform figure is es- 
sential to the manufacturer who matches 
veneers to produce highly figured panels. 
A prospective buyer can also 'determine 
length, width and thickness of sheets, 
variation in color and snioothness of cut 
from properly selected samples of this 
sort. Practically all face veneers are 
sold in this manner. 

In normal times some 80 or more 
kinds of face veneers were offered to the 
trade. Importation of exotic woods was 
greatly curtailed during the war, and 
many stocks have long since been ex- 
hausted. Several of the most popular 
species, however, are again beginning to 
appear on the market. Among the 
American hardwoods, black walnut 
(Jufflans nigra L.) bole- wood, stump- 
wood, burls and crotches, quartered red 
and white oaks (Quercus spp.), sugar 
maple (Acer saccharum Marsh), quilted 
maple (A. macrcphyllum Pursh) and 
figured red gum (Liquidamhar styraci- 
flua L.) have enjoyed extensive use. 
The more popular exotic woods were 
the American mahoganies (Swietenia 
Makagoni (L.) Jacq. and 8. macro- 
phyUa King), the African mahoganies 
(Entandrophragma spp. and Khaya 
spp.), Indian rosewood (Dahlbergia 
latifolia Boxb.), Brazilian rosewood 
(Dalbergia nigra Pr. Allem.), zebra- 
wood (Brachystegia spp.), avodir4 
(Turraeanthus africana Pell.), boss^ 


(Gmrea cedrata Pell), Macassar ebony 
(Diospyros spp.), lacewood (Cardwellia 
sublimis F. Muell.), red lauan (Shorea 
negrosensis Pox.), orientalwood (Endi- 
andra Palmerstoni C. T. White), prima 
vera (Tabebuia Donnell-Smithii Rose), 
tigerwood (Lovoa Klaineana Pierre). 
Ceylon satin wood (Chlorophora sum- 
tenia) and West Indies satinwood (Zan- 
thoxylum flavum Vahl.). Prices per 
square foot ranged from two to thirty- 
five cents per square foot, depending on 
quality, figure, scarcity and demand. 

Specially prepared, very thin face 
veneers reinforced with cloth or canvas 
backings and suitable for hanging on 
plaster, much in the manner of wall 
paper, are sold under the trade name 
of “Plexwood”. 

2. Commercial veneer manufacturers. 
Commercial veneers, or “utility” ve- 
neers, are those used for cross-bands, 
cores and backs of plywood panels, and 
for concealed parts of furniture, such 
as drawer bottoms, case and mirror 
backs, and dust sealers. These are 
rotary cut and are made from several 
species of domestic woods. Manufac- 
turers of veneers of this sort are usually 
located with respect to adequate sup- 
plies of suitable timber. Beech, birch, 
maple and basswood veneers are pro- 
duced in large quantities in Wisconsin, 
Michigan and New York. Red and sap 
gum, yellow poplar, cottonwood, tupelo, 
sycamore and oak veneers are made in 
many southeastern plants from the Ohio 
River region to the Atlantic and Gulf 
coastal plains. 

Unlike the manufacturer of face ve- 
neers, commercial veneers are cut to 
order, species, thickness, sheet size and 
grade requirements being specified. A 
few, however, restrict their production 
to sheets of a standard size. Most com- 
mercial veneer is sold to furniture, piano 
or radio manufacturers who make their 
own plywood or to plywood plants that 
build stock panela or who manufacture 
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pan«ls to customer specifications. In 3. Container veneer manufacturers. 
several instances a veneer plant is but Facilities of this sort manufacture a 
a part of a large mill manufacturing wide variety of cheap veneers suitable 



Fig. 12 {Upper), Two-piece match, mottle brown stripe, of Honduras mahogany. Fio. 13 
{Lower), A modern radio cabinet constructed with veneer. {Photos courtesy Mahogany Asso- 
elation f Inc,, Chicago,) 


plywood panels, in which case the entire for crates and packing cases, hampers, 
output of veneer is consumed in the fab- fruit and vegetable baskets, kits, meat, 
rication of panels within the facility. butter and picnic dishes, cheese boxes. 
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barrdB, hoops and similar items. Such 
plants are usually establii^ed proximate 
to adequate supplies of cheap timber 
and suitable markets. When wire- 
stitched or stapled, and scored merchan- 
dise is made, a preference is usually 
shown for woods of lower density, such 
as cottonwood and sap gum. 

Softwood veneer manufacturers are 
concentrated along the Pacific rim where 
several large and very modern plants 
are engaged in the production of rotary 
cut Douglas-fir, Sitka spruce (Pieea 
sitchensis (Bong.) Carr.) and ponderosa 
pine {Finns ponderosa Doug, in Law- 
son) veneers. Substantial quantities of 
Port Orford cedar {Chamaecyparis 
Lawsomana (A. Murr.) Pari.) sliced 
veneer are used in manufacturing stor- 
age battery separators. In the south- 
eastern United States bald cypress 
{Taxodium distichum (L.) Rich.) and 
several of the southern yellow pines are 
used to a limited extent in the produc- 
tion of core and cross-band materials for 
use with hardwood face veneers. 

More than 80% of all softwood ve- 
neers cut in the United States are made 
from Douglas-fir. The Douglas-fir in- 
dustry has made tremendous strides 
during the past decade, and in the year 
preceding V-J Day had expanded its 
facilities to the point where it was 
capable of producing more than six bil- 
lion square feet of veneer annually. 

Douglas-fir veneer is almost entirely 
consumed in the fabrication of struc- 
tural plywood panels and for interior 
paneling. Some container veneers are 
manufactured from Sitka spruce and 
ponderosa pine where they find a ready 
market in the citrus industries of Cali- 
fornia and the hard and soft fruit grow- 
ers of the Pacific Northwest. 

Plywood Manufacture 

Of particular significance in the fab- 
rication of a plywood panel is its bal- 
anced construction. A balanced panel 


is one that has an equal amount of wood 
in each grain direction and is symmet- 
rical on both sides of its center line. 
Thus in 3-ply construction the thickness 
of the core is essentially equal to that 
of the combined thicknesses of the face 
and back sheets. In a 5-ply panel the 
combined thicknesses of the cross-band 
layers (Pig. 1) corresponds to the ag- 
gregate thickness of face, core and back 
plies. Panels composed of 7, 9 or more 
plies are similarly constructed. Con- 
struction of this sort provides for max- 
imum strength and materially equalizes 
the strain in all directions. It also min- 
imizes shrinking or swelling due to 
atmospheric changes and is thus con- 
siderably more stable* than ordinary 
lumber. If properly constructed, warp- 
ing is eliminated. 

The manufacture of a plywood panel 
consists of (1) preparing face and back, 
cross-band and core sheets, (2) edge- 
jointing individual plies preparatory to 
forming large continuous sheets when 
required, (3) laying up and spreading 
the adhesive, (4) pressing the glued 
stock into a panel, and (5) drying and 
finishing the panel. 

Veneers delivered to a plywood manu- 
facturer are checked for moisture con- 
tent, and, if necessary, are redried. If 
the i&eets are not wide enough to make 
a panel of required dimensions, two or 
more sheets are spliced together to at- 
tain the necessary width. This is done 
by running the sheets through an edge 
joiner which makes a smooth straight 
edge. The sheets are .then butted to- 
gether along these dressed edges and 
fastened together with paper tape or a 
film of glue. This splicing operation is 
done mechanically with machines called 
tape splicers, or, if glue is used, tapeless 
splicers, and are standard equipment in 
nearly every plywood factory. 

When figured sheets of face stock are 
built up in this manner, it is common 
practice to' revem (turn over) each 
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alternate sheet when an even number of 
them is used. In this way it is possible 
to form pleasing patterns of bilateral 
symmetry (Fig, 12). This practice is 
one form of matching veneers. 

The next phase of panel manufacture 
is the gluing operation. In 3-ply panel 
lay-up, a dry back ply is placed on a 
caul.® If the liquid adhesive is used, the 
core sheet is run through a pair of rolls 
rotating in a bath of the adhesive, the 
glue spreader. These rolls are so ad- 
justed that the thickness of spread may 
be regulated in accordance with the glue 
manufacturer’s recommendations. The 
core in turn is placed upon the back ply, 
and a face sheet is then laid upon the 
core. This procedure is repeated until 
a stack of panels has been built up that 
will completely fill a press. The elapsed 
time between the initial spread of glue 
and the development of full pressure in 
the press is very important, particularly 
when synthetic resin adhesives are used, 
since a pre-cure without adequate pres- 
sure invariably results in no bond 
strength. Accordingly, this operation 
is carefully regulated in order to avoid 
such an eventuality. 

Fabrication of 5, 7 or more ply panels 
is very similar. In such instances the 
cross-bands are usually run through the 
glue spreader. When double spreading 
is practiced, all plies are spread, the face 
and back sheets being run over a single 
glue-spreading roll. 

Where cold pressing is practiced, that 
is, when glues are used that will cure at 
room temperature, wooden cauls are em- 
ployed. Cold-pressing is usually time- 
consuming, however, since several hours 
or even days are required to effect a 
complete cure of the adhesive. Thus 
a plant using cold-pressing procedures 
must provide for ample press capacity. 
Cold pressing may be accomplished in 

B Gauls are sheets of aluminum, or plywood 
with oiled or waxed surfaces, used to equalize 
pressure and hold them flat during the pressing 
operation. 


screw presses, screw clamping devices, 
or in a variety of hydraulically operated 
machines. - 

Hot-pressing, on the other hand, in- 
volves the use of heat to effect the cure 
of an adhesive. When hot pressing is 
employed each lay-up is placed between 
a pair of metal cauls. Figure 11 illus- 
trates a modern multi-platen press used 
in the manufacture of hot pressed ply- 
wood, The platens are hydraulically 
operated and internally heated. When 
the press is opened a lay-up between two 
cauls is laid on each platen. As soon 
as the press is charged it is closed and 
full pressure built up as rapidly as pos- 
sible. Presses of this sort will bond 
wood satisfactorily in two to 30 minutes, 
depending upon the thickness of stock 
and distance of the glue line farthest 
removed from the beat source, nature of 
the adhesive and platen temperatures 
employed. 

In recent years the use of radio fre- 
quency heat has also been used success- 
fully in curing plywood bonds. 

After their removal from the press, 
panels are often permitted to recondi- 
tion (moisture stabilization) and are 
then cut to size and finished in accord- 
ance with customer specifications. If 
the faces are made up of spliced sheets, 
the tape which is always on the outside 
of the panel is sanded off. 

Plywood Adhesives. Adhesives suit- 
able for bonding of plywood panels must 
be of such a nature that they may be 
spread easily and uniformly. They 
must not impart objectionable stains to 
the veneers, nor should they lose any of 
their bonding strength upon aging. In 
some instances it is essential that they be 
highly water-resistant. 

Six classes of adhesives are currently 
used in panel fabrication, viz., hide and 
animal glues, starch glues, casein glues, 
blood albumin glues, vegetable protein 
glues and synthetic resin glues. Hide 
glues, once the most universally used. 



304 


ECONOMIC BOTANY 


are now rapidiy disappearing from ply- 
wood plants. Blood albumin glues have 
been very popular in European coun- 
tries, but have had only limited use in 
the American industry. Starch glues 
first appeared on the market about 1912, 
while casein adhesives were an out- 
growth of -World War I. The vegetable 
protein glue, a soybean derivative, ap- 
peared on the market about 1923. The 
first of a series of synthetic resin ad- 
hesives made its appearance in 1935, and 
in the short space of a dozen years 
nearly the whole plywood industry has 
gone over to their use-. 

Synthetic resin adhesives are thermo- 
setting plastics, which when cured, form 
hard, infusible films of great strength. 
At present there are two important 
classes of thermosetting resins available, 
viz., the phenol-formaldehyde (includ- 
ing resorcinol) types, and the urea-for- 
maldehyde (including melamine) types. 
Within these two general categories are 
many formulations, the choice of which 
is largely dependent upon the nature of 
the product being manufactured, dura- 
bility of the bond, pressing equipment 
available and considerations of cost. 

Phenol-formaldehyde resins are avail- 
able in sheet form (Tego film), as a 
liquid, or as a dry powder that may be 
mixed with water, alcohol or acetone. 
Bcsins of this sort are used when hot- 
press plywood is made. Platen tempera- 
tures of 260° F. or more are usually re- 
quired to -efifeet total cure, although 
there are certain formulations available, 
called warm setting phenolics which may 
be cured at much lower temperatures. 
Begins of this sort form water proof, boil 
proof bonds, and plywood made with 
them is suitable for many external uses, 
such as hulls for small boats, aircraft 
and external paneling in house construc- 
tion. 

Besorcinol-formaldehyde resins are of 
the phenolic type but may be cured at 
room temperature. If temperatures are 


elevated to 150° to 200° F. cure may be 
effected in a matter of minutes. 

Urea-formaldehyde resins are supplied 
in liquid or powder form. These resins 
will cure at room temperatures, but if 
heat is applied the reaction is greatly 
expedited. Urea resins are not as mois- 
ture-resistant as the phenolics, and if in- 
adequate pressure is applied during the 
pressing interval, thick glue lines result. 
It is essential that the veneers bonded 
with urea resins be in intimate contact 
with one another, since thick glue lines 
eventually craze, and under such cir- 
cumstances delamination is inevitable. 

Melamine-formaldehyde resin adhe- 
sives are among the newest of the syn- 
thetic bonding agents. They possess 
many properties intermediate between 
the ureas and the phenolics. 

Molded Plywood. Panels with single 
or double curvature, such as those used 
in aircraft skins, hulls of small boats, 
or in some of the most modern furuitui’e 
designs, cannot be made wdth ordinary 
pressing equipment. Thus molding tech- 
niques, in which use is made pf fluid 
pressures, have been devised. 

In one molding process, veneers inter- 
leaved with film glue or coated with a 
liquid resin are laid-up upon a male 
mold of wood or metal and temporarily 
held in place with wire staples, tape, or 
by other suitable means. Such an as- 
sembly is then placed in a large flexible 
rubber bag from which the air is imme- 
diately expelled. As the vacuum is 
drawn the bag presses firmly against the 
veneers, causing them to conform to the 
contour of the die. The deflated bag 
and its contents are then placed in a 
large steel autoclave where steam or hot 
water is admitted under pressure. Ade- 
quate fluid pressure is brought to bear 
in this way and the heat cures the resin. 
At the completion of this cycle the 
molded item is removed and the opera- 
tion repeated. 

A somewhat similar process employs 
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the use of a female mold, lu this in- 
stance veneers are laid-up along its inner 
face and covered with a rubber blanket 
attached to the die. Air is usually ex- 
pelled beneath this covering so that the 
veneers are pressed firmly into i)lace. 
This assembly is then similarly handled 
in the manner described above. There 
are a few variations of these two meth- 
ods for molding panels of unusual shape 
and contour, all of which utilize a fluid 
pressure system to assure that adequate 
and uniform pressure is applied to the 
panel during the bonding cycle. 

Densified Wood. Synthetic resin ad- 
hesives have made possible the develop- 
ment of densified wood, or “compreg”. 
In practice, thin sheets of veneer are im- 
mersed in a bath of phenol-formaldehyde 
or other resin and subjected to vacuum- 
pressure treatment which alternately 
draws and forces resin into the inter- 
stices of the wood. When the veneers 
have picked up from 20'/f to 35/« or 
more of resin, based upon the original 
weight of the wood, they are laid up in 
parallel laminates, or cros.s-banded as in 
normal plywood, and cured in a hot 
press. Pull pressure of approximately 
1,500 per square inch is developed before 
the assembly is heated. The temi)erattire 
is then raised to produce approximately 
.‘100° P. of heat in the innermost glue 
line. Ordinarily i)resses are maintained 
at full pressure after completion of the 
bonding cycle until the center of the 
panel cools to 120° P. after heating is 
discontinued. 

Compreg made of birch veneer has a 
specific gravity of from 1.30 to 1.36. It 
has excellent dimensional stability and 
mechanical properties except under im- 
pact loadings. During the War compreg 
was used for airplane propellers, para- 
chute flare bases hnd reinforcing plates. 
It should be suitable for casters, pulleys, 
shuttles, bobbins and a host of other 
items. It has already been found suit- 
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able for picker sticks in the southern 
cotton mills. 

Properties and Uses of Plywood. 

Pound for pound, plywood is stronger 
than steel. Because of its cross laminate 
feature, nails, screws and other wood 
fasteners may be driven close to the edge 
of a panel without fear of splitting. It 
has much greater stability than ordinary 
boards and exhibits little or no tendency 
to twist or buckle with fluctuations in 
moisture content. Plywood panels are 
not limited to narrow widths such as 
those of boards, but may be produced in 
wide faces wholly free from defect. Ply- 
wood fabrication permits perfect match- 
ing, the only method by which beauti- 
ful symmetrical grain-patterns may be 
achieved (Pig. 13). 

In the modern post-war home may be 
found plywood walls, plywood flooring, 
plywood doors, plywood shelving, parti- 
tions and cabinets. Even the outside 
Mails may be fabricated of weather- 
proof plyM’ood. In our business offices, 
our public buildings and our shops and 
stores may be seen an ever changing 
array of plywootl applications — desk 
tops, tables and chairs, counter tops, 
M-all panels in elevator cabs, store fronts, 
shoM’ cases, M'iudow displays, filing cabi- 
nets, bulletin boards — all made of ply- 
M’ood. 

Plywood is also an impoi’tant item in 
the various fields of transportation and 
is used in enormous quantities in the 
fabrication of air- and water craft, rail- 
M’ay cars, and in trailer and station 
M’agon bodies. 

Plywood is noM' a fully recognized en- 
gineering material just as are metal 
alloys and ceramic materials. Years of 
painstaking research by wood technolo- 
gists, engineers and chemists, all work- 
ing together, have made modern plywood 
what it is today — ^a truly superior wood 
of many and diverse uses. 



Henbane — Healing Herb of Hercules 
and of Apollo 


This poisonous drug, formerly available only from 
Europe, India and the Sudan but now produced also 
in the United States to the extent of 80,000 pounds 
annually, has been used therapeutically since ancient 
times and today has common use in modern medicine. 

GEORGE M. HOCKING^ 


Introduction 

Hbkbane is an ofScial drug in the 
United States Pharmacopoeia where the 
name “Hyoscyamus” is used for both 
the English and Latin titles. .-It is de- 
scribed as consisting of the dried leaves 
with or without the flowering and/or 
fruiting tops of Hyoscyamus wiger L. 
Likewise oflScial in the U. S. Pharma- 
copoeia are the herbs prepared from the 
two other most important medicinal 
members of the family Solanaceae, 
namely, belladonna (Atropa Belladonna 
L.) and stramonium {Datura Stra- 
fnonmm L.). Of parallel value, thera- 
peutically, they likewise have all been 
official in the U. S. Pharmacopoeia since 
this chief official compendium flrst ap- 
peared in its 1820 edition. The impor- 
tance of Henbane is further witnessed 
by its being official in nearly if not all 
pr^ent-day national pharmacopoeias, 
approximately 20 in number. 

Besides the leaves, optionally with 
tops, other parts of the plant have been 
used, either officially or unofficially, viz., 
herb, seeds, fruit, root, stalk (Diosco- 
rides), etc., not to mention the expressed 
juice and the smoke. 

Geographical Origin and Distribution 

The species Hyoscyamus niger is be- 
lieved to have been originally a denizen 
of Eurasia, and is now distributed 

1 Formerly Pharmacognosist^ S, B. Penick & 
Company, New York; now Professor of Phar- 
macognosy, School of Pharmacy, University of 


throughout Europe from Portugal and 
Greece, on the south, to Norway and 
Finland, on the north. It is found also 
in the Caucasus, Iran, throughout Asia 
Minor, in northern India and even in 
Siberia. The plant has been naturalized 
in North America, at least since about 
1670, and now grows wild in the eastern, 
northern and western United States and 
in parts of Canada. It occurs chiefly in 
waste places, such as near buildings, on 
roadsides, in graveyards, old gardens, 
and in areas covered with rubbish from 
ruined buildings. In habitat, therefore, 
it considerably resembles its relative, 
stramonium, except for its more north- 
erly distribution. The plant is now cul- 
tivated for medicinal use in a number 
of countries, including our own. 

Common Names 

As one might reasonably expect from 
its importance, the species under discus- 
sion has acquired many common or ver- 
nacular names. The most important 
names applied to the plant and the de- 
rived drug are in English: Henbane, 
so-called, maybe, because the seeds are 
said to kill fowl ; Henbain ; Hyoscyamus 
Leaves ; Hyoseyamous ; Henbane Leaves ; 
Common Henbane ; Black Henbane ; 
Stinking Nightshade} Foetid, or Fetid, 
Nightshade} Insane Root} Poison To- 
bacco} Soldier’s Herb} Soldier’s Tree} 
Hogbeah, because the plant is said to be 
eaten by hugS} Hog’s Bean} Hogbane 
(f)} Hen-bell. Older English words 
almost never heard now include belene } 
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chenil(l)e, apparently stolen from the 
French; brosewort ( t) ; hanebane ; hain- 
bane; henkam; hennebane; hennebone; 
hennibone and Stinking Roger. 

In Latin the species has been variously 
known as Hyoscyami Folium, a title 
used by the International Pharmacopeia ; 
Hyosciamus ; Herba Apollinaris or 
Apollo’s Herb®; Symphoniaea Herba, on 
account of the resemblance of the flower- 
ing and fruiting axis to the musical in- 
strument of that era known as the sym- 
phonia; and Jusquiamus. 

In France H. niger has been called 
la Jnsquiame from the Latin “Jus- 
quiamus”; Jusquiame Noire; Potelee; 
Herbe-des-chevaux ; Hanebane; Hani- 
bane; Hannebanne (Gaston Bonnier), 
and so on. In German the drug is 
(Schwarzes) Bilsenkraut; Bilsen; Dull- 
kraut; etc. In Dutch the species is 
known as Bilsenkruid, etc.; in Nor- 
wegian, Bulmeurt ; in Swedish, Bolmort. 
The common Spanish name is Beleno 
(Hojas) ; the Portuguese, Meimendro 
(Folhas) ; the Italian, Giusquiamo (Fog- 
lias). 

Description of Plant 

Hyoscyamus niger occurs in two dis- 
tinct forms. One of them is the annual 
plant, of interest as having been spe- 
cifically excluded from some pharma- 
copoeias {e.g., U.S.P. 1880, 1890, and the 
eighth revision). The plant seldom 
grows higher than two feet, is slender 
in habit and little if at all branched. 
Its various parts develop on a smaller 
scale than in the biennial form. The 
leaves are less distinctly toothed and the 
corollas show little or no purplish vein- 
ing. This is the form of the plant which 
was cultivated by the “herbalists” of a 
bygone generation. 

• The biennial form appears to be much 
the commoner. For instance, Stewart 
found that when seed of wild-growing 
Montana plants was sown, the biennial 

* Apollo of the Greeks = Hercules of the 
Bomans. 


forms were produced.® During the first 
year of growth the plant develops a 
large whitish, fleshy, tapering, branched 
root, somewhat resembling that of a 
parsnip or small horse-radish, crowned 
by a radical rosette of large leaves, a 
foot or more long, with very long peti- 
oles and coarsely toothed, lobed or deeply 
cut blades. No aerial stem is produced. 
During the second year the plant throws 
up an erect, thick, coarse and widely 
branched stem, two and a half to four 
or even five feet tall, which bears flowers 
in long, secund, leafy, spike-like group- 
ings. The flowers in this form have 
prominent purple vein markings on the 
corolla. Fruits are formed within the 
permanent calyx, and as these mature, 
the entire plant dies. At this stage the 
root becomes spongy and then hollow, 
and the radical leaves disappear, while 
those on the stem are found to be quite 
broad with relatively short petioles or 
even sessile near the top of the stem. 

Wild growing plants near Bearraouth, 
Montana, were found by Stewart to 
have, instead of one flower stalk, as cus- 
tomary, several stalks (up to twelve) 
growing from a single root-crowm. It 
was suggested that this was due to crop- 
ping of the first year’s growth by sheep. 
The plants ranged from two to five feet 
in height, the taller growing in a shady 
ravine, the smaller in the sunlight on a 
hill-top. Undoubtedly the rich fertilized 
soil of the sheep corral, in which the 
plants grew, accounted in part 'for the 
luxuriant growth. No infestation or 
plant disease was noted, although such 
have been reported for plants growing 
farther east in Montana. Catnip, mul- 
len and horehound w'cre growing along- 
side. The plant thrives well in Montana 
to over 7,000 feet elevation, and in India 
it has been reported from altitudes of 
8,000 to 11,000 feet. 

3 These and other data in this article relating 
to Montana Henbane, unless otherwise stated, 
were gleaned from the unpublished M.S. Thesis 
of George W. Stewart of the State University 
of Montana, 1934, kindly loaned to the author. 
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Ciiltivation 

Some people who have cultivated a 
variety of medicinal pldhts state that 
henbane is one of the most difficult of 
its family to rear successfully, i.e., to 
produce a drug meeting official require- 
ments. 

Experiments in cultivation have been 
carried out in the Drug Garden of the 
School of Pharmacy at the State Uni- 
versity of Montana (Missoula). The 
seed used was collected from a plot of 
wild-growing plants near Bearmouth, 
about 40 miles from Missoula. Seed 
was gathered the last of August and 
sown on April 15 of the following year 
(ca. 1933). Before planting, it was 
treated with 5% sulfuric acid for 20 
minutes, then washed with water and 
dusted with lime to neutralize and pro- 
vide calcium for the seedlings. Small 
shoots developed in about three weeks. 
The plants were thinned out several 
times during the season. Growth con- 
tinued until the summer, when an arrest 
of growth occurred with the plants one- 
half to one foot high. The following 
spring the plants sent up flowering 
stalks which bore blossoms in July. 
These biennial plants appeared free 
from disease or infestation, although un- 
treated by spraying, etc. 

The transplanting of henbane seed- 
lings from a greenhouse or cold-frame 
to the outdoor area has not been very 
successful, for most plants do not sur- 
vive the shock of moving, and those that 
do are stunted in growth. This is said 
to be caused by injury to the tap root. 
Better results are achieved if plants are 
allowed to attain fair size before being 
moved. 

Because of this obstacle to large-scale 
propagation, the Wisconsin Pharmaceu- 
tical Experiment Station at Madison 
years ago undertook experiments to de- 
termine whether the seed might not be 
sown directly in the fields, as is done 
with stramonium. Biennial seed was 


accordingly sown in early December, 
1916, and began to come up about May 
10, 1917, while some of the same seed 
sown on April 21 came up on May 16. 
Besides taking only one week more to 
emerge from the soil, the spring-sown 
seed gave a more uniform stand. 

In growing henbane it is best to select a 
level area, as free as possible from weeds. 
A well drained fertile sandy loam or silt 
loam is considered best. One pound of 
seed is enough per acre and should be 
sown in rows two feet apart. If kept 
dry, henbane seed remains viable for 
several years, a fact which accounts for 
certain reported vagaries of growth. It 
is best to test germination of the seed 
before sowing. The best seed is that 
which has been specially collected for 
planting purposes. Pre-treatment of 
seed with concentrated mineral acid was 
reported to result in germination in 
about 20 days rather than the usual 30. 

Sowing may be done by mixing the 
seed with sand and dropping it into shal- 
low holes. Better still, a small seeder 
will give more uniformity. The seeding 
should be at such a concentration that 
one viable seed is laid every four inches 
along the row, and the seeds must not 
be covered by more than about one- 
quarter inch of soil. 

Cultivation may be carried on before 
the young plants appear, if the rows can 
be distinguished or have been properly 
marked. Later on, regular weeding 
should be practised, and if necessary the 
plants ought to be thinned out so as to 
leave them about four inches apart. 

Harvesting of leaves and flowering 
tops is carried out when the plants are 
in full bloom (June to August) and 
before the first frost. Drying is best 
performed in a drying house, where the 
herbage may be spread in thin layers on . 
floor, trays, etc. Drying is hastened 
and color and quality improved by using 
a small am 0 .ant of heat and air currents. 

A yield of 600 pounds of Henbane per 
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acre may normally be expected. Almost 
twice as large a crop per acre may be 
obtained from the first- as from the sec- 
ond-year plants. 

Infestations and Diseases 

From the literature it appears that 
the Colorado potato beetle is henbane’s 
worst enemy; it has been said to pre- 
fer henbane to all other plants. If the 
plants are not to be entirely destroyed 
by this pest, they must be sprayed with 
an insecticide. In the past, lead arsenate 
has been mostly used. Paris Green was 
found destructive to the plant, and sul- 
fur soon loses its effect on the insects 
which prey on it. Two sprayings of 1 
to 1,000 suspension of lead arsenate dur- 
ing the life-time of the plant are said 
to be adequate. Among the fungi re- 
ported as attacking Hyoscyamus are 
Peronospora (Phycomyeetes) and the 
mildew Erysiphe (Ascomycetes). 

Commerce 

Before World War II most Henbane 
drug imported into the Cnited States 
came from Europe, chiefiy Hungary, 
Belgium, Prance, the Soviet Union, Ger- 
many and Italy. During more recent 
times exports have come chiefly from 
India, the Sudan, the United Kingdom, 
the Soviet Union and elsewhere, but the 
largest bulk has been domestically pro- 
duced in the continental United States. 
At present the It. S. exports only a few 
thousand pounds of the approximately 
80.000 produced here annually. 

Montana is or recently has been the 
chief producing area for domestic Hen- 
bane, although the plant grows wild 
commonly in sections of the other north- 
western States, i.e., Idaho, Washington 
and Oregon. The plant is said to have 
first been observed growing in Montana 
at Big Timber, in the year 1883. The 
plant grew from a pile of dirt thrown 
from the basement of an hotel under con- 
struction. It is thought that a workman 


engaged in the labor dropped smoking 
tobacco admixed with the seed, since it 
is known that henbane seed has some- 
times been mixed with tobacco to bestow 
a narcotic effect. 

The species was subsequently collected 
in 1900 at Billings, Big Timber, Boze- 
man and elsewhere in Montana, and was 
spread to other parts of the State by 
admixture with hay, it is thought. Thus, 
the patch at Bearmouth is believed to 
have come from seed of plants mixed in 
hay for feeding horses used by convict 
labor when the Missoula-Deer Lodge 
road was built. 

Henbane has sometime been marketed 
in grades representing stages of growdh : 
(a) “Annual” or “seedling”; (b) 
“First Biennial”, for leaves or herb of 
the biennial plant in its first year of 
growth; (c) “Second Biennial”, for 
leaves of second year. The last item is 
scarce and high priced. In opposition to 
earlier opinion, first-year leaves have an 
alkaloid content similar to that of sec- 
ond-year leaves and are now considered 
equally as useful medicinally. However, 
they contain more acid-insoluble a.sh 
(sand, dust, etc.), no doubt because they 
are entirely basal leaves and not partly 
ba,sal, partly stalk-leaves. 

Description of Drug 

The crude drug consists of much 
wrinkled, matted and broken leaves 
mingled with many stems and flowering 
and fruiting tops. The leaves are ovate 
to ovate-lanceolate, up to 26 cm. long 
and 10 cm. wide, not evenly divided by 
the mid-rib, the lower leaves petiolate, 
with petioles up to one-third the length 
of the blade, and the upper leaves 
stalk-less. The tips of the leaves are 
acute, the margins irregularly dentate 
(toothed) or pinnatifid (deeply lobed), 
with acute deltoid lobes. The upper 
surface of the leaf is darker than the 
lower. The leaf color is a shade pic- 
turesquely described by Parkinson 
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(1640) as a “darke or evill grayish 
greene colour”. The same Apothecary 
and Botanist to the King gave the odor 
of the entire plant as a “heavie evill 
soporiferous smell somewhat offensive”. 
Others have called it “dank”, “benumb- 
ing”, “narcotic”, “noisome”, “horrid”, 
“heady”, peculiar, strong, unpleasant, 
rank, distinctive, heavy, fetid, and so on. 
The aroma of Henbane has been com- 
pared to that of fresh tobacco, black cur- 
rant leaves, and musk. The taste of the 
crude drug is bitter and acrid. 

Henbane flowers are nearly sessile, 
with an unequally flve-toothed, urn- 
shaped, hairy calyx, and a yellowish, 
campanulate, slightly zygomorphic co- 
rolla, with purplish veins. The corolla 
ends in five unequal obtuse lobes, and 
five stamens are inserted in its tube. 

The fruit consists of a two-chambered 
pyxis (urn-shaped type of capsule which 
dehisces or opens by separation of a lid- 
like top) enclosed in the persistent calyx. 
When found, the seeds are black (hence 
the specific name of the plant) to dark 
gray, round-oval, numerous, tiny, un- 
equal apd'hard. 

The stems are two to seven mm. in 
diameter, somewhat compressed or cylin- 
drical, longitudinally wrinkled and 
hairy. 

The powdered drug is dull grayish- 
green to dark green. When examined 
under the microscope, it reveals calcium 
oxalate crystals in the form of mono- 
clinic prisms, as twin crystals and as 
rosette aggregates (the latter not com- 
mon). Non-glandular hairs are found, 
ranging from one to ten cells in length — 
these are often broken ub in the pow- 
dered drug. Glandular hairs with a 
one- to four-celled stalk and a unicel- 
lular or multicellular secreting head also 
occur. Newcomb observed that very 
large branching non-glandular hairs, 
which had not previously been described 
for this plant, presumably because they 
are of relatively soft structure, are found 
on green plants and apparently soon dis- 


appear when the plant is dried and 
handled. 

Also observable microscopically are 
epideinnis fragments with broad ellipti- 
cal stomates having three or four neigh- 
boring cells, one of which is smaller than 
the others; fragments of tracheae with 
pores, reticulations and spiral markings ; 
bast fibers; and pollen grains which are 
nearly smooth and bear three furrows. 

Chemical Constituents 

Henbane contains several important 
constituents, the two most important 
being the alkaloids hyoscy amine (crys- 
talline) and scopolamine or hyoscine 
(amorphous). Minor other alkaloids, 
e.g., scopoline and tropine, are present 
in traces. 

Scopolamine was first isolated from 
the herb in 1833, and was obtained first 
from the seeds in 1871. It is a syrupy 
compound in the free state, but a crys- 
talline solid in the form of the common 
salts. Scopolamine hydrobromide is offi- 
cial in the U. S. Pharmacopoeia and is 
used considerably in medicine, both by 
mouth and hypodermically. Henbane is 
not, however, the chief source, since this 
alkaloid is obtained mostly from Datura 
species, a related group in the Solan- 
aceae. 

The other alkaloid, hyoscyamine, is 
not now commonly used in medicine and 
is no longer official in the national com- 
pendia which serve as standards for 
American drug products. 

Other components of Henbane which 
have been isolated are hyoscipicrin (a 
glycoside), choline, mucilage, albumen, 
chlorophyll and potassium nitrate. The 
last compound (salt peter) is presumed 
to cause the characteristic sparkling 
effect seen when the dried leaf is ignited. 
The seed contains much fatty oil (about 
25%) and also a little volatile oil. 

Analyses of Domestic Drug 

According to U.. S. Pharmacopoeia 
XIIII, the drug Henbane must contain 
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not less than 0.040% of the alkaloids 
characteristic of the plant. This is a 
lower requirement than that in earlier 
pharmacopoeias (e.p., U.S.P. IX, X, 
where not less than 0.065% alkaloids was 
required, or U.S.P. VIII set 0.080% as 
a minimum). 

Analyses of Montana Henbane, the 
chief domestic type, show that most lots 
are comfortably above the minimum re- 
quired strength, as at present defined. 
Thus, one crude-drug concern^ has fur- 
nished the following values for commer- 
cial batches of the Montana product : 


Ninnber of 
lots 
1 

4 
7 

3 

5 

4 
1 
1 


Test (% total 
alkaloids) 
0.042 
0.054 
0.000 
0.001 
0.005 
0.073 
0.078 
0.090 


Total 20 Average 0.0033 

for all 
lots 


From this it appears that 15 or more 
than half of the lots were below the 
former official strength, while the aver- 
age assay of all lots was less than the 
former required figure. On the other 
hand, all lots meet the present minimum 
assay requirement, and one of them is 
more than twice as high as the needed 
assay. 

Stewart found that the U.S.P. X 
assay method was unsatisfactory in as- 
saying the Montana drug with which he 
worked®, due to the formation of very 
stubborn emulsions in “shaking out" 
the alkaloids. By this method the Mon- 
tana drug assayed only 0.005% (aver- 

* S. B. Penick & Ciompany, New York ; data 
furnished through the courtesy of I>r. Thomas 
Lewis, Vice President and Technical Director. 

6 Material was collected from wild-growing 
plants close to the Butte-Missoula highway near 
Bearmouth. The leaves and flowering tops were 
collected June 28, 1833, dried and ground to a 
#40 powder. 


age), while commercial imported Hen- 
bane ran 0.0867% or about 17 times as 
high. To help remedy this, the drugs 
were first defatted with petroleum ether. 
Assays then ran higher (0.030% average 
for domestic; 0.078% in commercial 
drug). 

In order to partially simulate condi- 
tions undergone by the commercial drug, 
the Montana material was heated at 95° 
for two weeks to drive off volatile mat- 
ter. After this treatment the drug was 
of much the same color as imported mate- 
rial and had lost much of its offensive 
odor. In conducting assays with this, 
no difficulty was had with intractable 
emulsions, as before. Material so treated 
averaged 0.044% alkaloids (imported 
drug 0.071%). 

Finally Stewart tried the method of 
C. M. Caines (1929), which seemed an 
improvement over other methods, and 
this gave results indicating a Montana 
product almost meeting the then current 
official standards, since the average of 
determinations was 0.057% (imported 
drug 0.081%). 

Stewart also made other chemical 
studies on the Montana Henbane (same 
material as that used for alkaloidal 
studies). He obtained the following 
values : 


Loss on air drying (25^^ C.) 
Total volatile matter" 

Total ash 
A eld-insoluble ash 

(not more than 12% al- 
lowed, U.S.P. X-XIIl) 


88.18% 

10.89% (aver.) 
19.25% (aver.) 


2.73% (aver.) 


Successive extractions by Soxhlct method : 


Petroleum 

ether 5.(57% (average imported, 3.35%) 

Ethyl 

ether 5.10% << 2.49%) 

Alcohol 23.91% 16.87%) 

Dist, 

water 20.68% 20.99%) 


Other findings were: 

Crude 

fiber 6.11% 

Total nitrogen (in leaves) 4.24% (average) 
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The seeds of Montana henbane were 
also studied by Stewart. He reported 
in his Thesis the following values from 
chemical tests carried out on the seeds 
ground to a fine meal (all figures are 
averages) : 


Volatile matter (100° 

C.)« 

Total ash 
Aeid-insolnble ash 
Successive extractions 
Petroleum ether 
Volatile portion 


10.39% 
2.87% 
0.41% 
by Soxhlet 


method : 


Ethyl ether 
Volatile portion 

Alcohol 

Distilled water 
Crude fiber 
Total alkaloids 


The bulk of 
this extrac- 
tive (non- 
volatile) is 
of course 
the fatty oil. 


32.63% 

1.95% 

(of crude) 

31.14% 

3.42% 

(of crude) 

24.61% 

6.60% 

25.33% 

0.093% (after defat- 
ting seeds) 
0.130% (by Caines^ 
method) 


The fatty oil was extracted from the 
seeds with petroleum ether, then the sol- 
vent evaporated and the oil filtered 
through cotton. The fixed oil constituted 
about 25% of the seeds (W/W). It was 
amber-colored with a bland innocuous 
taste and very little odor. The following 
constants were reported by Stewart : 


Spec. 
Gravity 
(25° C.) 
Befract. 
Index 
(25° C.) 
Saponifi- 
cation 
No. 
Iodine 
Absorp- 
tion No. 


Values of 
BureS and 
Kraclk 
(cold ex- 
traction) 

0.9183 0.9120-4 (dl5°) 

1.4739 


191.72 (average) 

187.8 

82.07 (average) 

135.7 


The figures, for the Montana seed oil 
and that of Burei and Kracik for plants 
grown in Czechoslovakia are far from 

• Determined bj beating in oren at 100° C. 
until of constant weight. 


concordant, but may be partly explained 
by the differing habitats and latitudes. 

Derivatives and Preparations 

It is typical of the human being to 
attempt to improve on nature, and in 
the field of medicine we find no excep- 
tion. Instead of administering the whole 
leaf of henbane, or its powder, it has 
been customary to give either the so- 
called galenical preparations, such as 
tinctures, extracts, etc., or the alkaloids. 
From an historical standpoint the prepa- 
rations are of much greater importance, 
and the elegance and imaginative titles 
which have distinguished many of them 
are quite interesting. A mere listing of 
the titles, in some cases translated into 
English, is very revealing of the human 
ingenuity displayed in the administra- 
tion of this one drug : 


Modern or Current: 
Tinctures 
Fluidextracts 
Extracts (both semi- 
solid and pow- 
dered) 

Fomentations 
(Compound Oils (In- 
fused Oils, etc,) 
Abstracts 
etc. 

Formerly popular (as 
described in the 
Universal Phar- 
macopoeia, pub- 
lished at Weimar 
in 1845) : 
Anticephalagic 
Paste (for fron- 
tal headache) 
Anodyne Cataplasm 
Electuary for He- 
moptysis (spitting 
of blood) 
('onserve (made 
with white sugar 
!!) 

Oil of the Seed 
‘ ‘ Paregoric Oil ^ ' 
Hemorrhoidal Oint- 
ment 
Juice 

Seed Extract 
Fecula (a starchy 
preparation) 


Syrup 

Narcotic Boli (large 
pills) 

Pills 

Pills of Extract 
Narcotic (or Seda- 
tive) Pills 
Antichoreic Pills 
(for St. Vitus’ 
Dance) 

Anti-hysteric Pills 
Anodyne Pills 
Anodyne and Besol- 
vent Liniment 
Pomade 
Antispasmodic 
Elixir 

Colly rium (Eye 
V/ash) 

Sedative Narcotic 
Haustus 
(Draught) 

Breast Draught 
Expectorant 
Draught 
Enema 
Infusion 

Sedative Emulsion 
Anti-odontalgic Col- 
lutorium (Mouth 
wash for tooth- 
ache) 

Narcotic Cataplasm 
Alcoholic Extract 
Essence 
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Tincture of Seeds 
Ethereal Tincture 
Green Oil 
Ointment 
Plaster 

Unguen turn ad Am- 
busta seu Combus- 
tioncs (Ointment 
for bums or burn- 
ings) 

Uses in Medicine 

The physiological action of Henbane 
is similar to that of Belladonna, Stra- 
monium, Scopola and similar drugs of 
the Solanaceae. While less powerful 
than they. Henbane is relatively more 
sedative and hypnotic and causes little 
or no constipation and other unwanted 
by-elf ects. 

Ancient Uses. Henbane has been em- 
ployed as a medicine from very early 
times. Baron Hammer-Purgstall actu- 
ally believed “bendj” (Arabic for Hen- 
bane) was the Nepenthe of Homer. 
White Henbane was one of the “sim- 
ples” used by Hippocrates (5th Cent., 
B.C.). This plant is quite similar to 
our Henbane in medicinal effects. 

Dioscorides (A.D. ca. 60) called the 
plant “hyoscyamos” (literally “hog’s 
bean”), but he also mentions “dioskya- 
mos” (bean of the gods) as an out- 
moded name, possibly so-called from the 
usage of the drug in the temple “mys- 
teries” or religious rites. In his works 
Dioscorides described three species — 
black, white and yellow. Of these he 
particularly commended the “white” as 
being the least dangerous. (As a matter 
of fact, it closely parallels black Hen- 
bane medicinally, although rather weaker 
in action). Dioscorides recommended 
the root with vinegar as a mouth-wash 
for toothache, and 17 or 18 centuries 
later we find still prescribed an Anti- 
odontalgic Mouthwash made from a mix- 
ture of henbane and plantain leaves with 
violet and red rose flowers, poppy heads 
and sage leaves in water, properly proc- 
essed. Not as useful perhaps as the 


modern novocain or even clove oil, yet 
this preparation doubtless eased the pain 
of many a case of odontalgia. Another 
application of Henbane for the same 
purpose during the past few centuries 
has been that of burning the seeds and 
funneling the fumes into dental cavities 
in an effort to expel the “tiny worms” 
believed to cause the distress resulting 
from caries. 

Pliny (fl. 60 A.D.) recognized the 
psychogenic qualities of the drug when 
he wrote: 

Henbane is of the nature of wine, and there- 
fore offensive to the understanding, and trou- 
bles the head. ... [It ought] to be used with 
great heed and discretion. For this is cer- 
tainly known, that, if one take of it in drink 
more than four leaves, it will put him beside 
himself ’ 

An early contraceptive was made by 
mashing the seeds into paste with mare’s 
milk and tying the paste in a piece of 
wild bull’s skin. 

In the Middle Ages Henbane was used 
legally as an anesthetic (with opium, 
mandrake, hemlock juice, aconite, da- 
tura, etc.) in the form of a “soporific 
sponge” and of the “pomander” (sleep- 
ing apple), acting through inhalation; it 
was also employed illegally as a sleeping 
potion, much as “knock-out drops” are 
used in our time. Gui de Chauliae of 
the 14th Century thus described the use 
of a narcotic inhalation .- 

I’ll imitate the pities of old surgeons 
To this last limb, who, ere they show their cut, 
(\‘j8t one asleep, then cut the diseased part. 

The medicinal popularity of Henbane 
dropped after the Middle Ages along 
with that of Belladonna, until by the 
1700’s it fell into disuse and was omitted 
from such compendia as the London 
Pharmacopoeias of 1746 and 1788, being 
returned only in the edition of 1809. 
Henbane was reintroduced into occiden- 
tal medicine chiefly as the result of 
original labors by Professor Baron 

7 Holland’s translation (1601), revised. 


Anodyne Ointment 
Tranquil Balsam 
Ear Oil 

Hedative Liniment 
Compound Poplar 
Ointment 
Hemorrhoidal 
Lotion 
Etc. 
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Stoerck of Wien, who in 1762 carried 
out an investigation of the remedial 
value of Henbane, Stramonium and 
Aconite. 

The Arabians, too, were familiar 
with the medicinal value of Henbane, 
as may be gathered in part from the 
following e^ract from that great anony- 
mous classic, “The Thousand and One 
Nights ”t 


^ ^ Presently he filled a cresset* with firewood on 
which he strewed powdered Henbane, and light- 
ing it, went round about the tent with it till 



(digestion aider), sedative (nerve quiet- 
Oner) and antispasmodic (spasm anti- 
dote). Thus, Henbane has been used 
as a. sedative in acute and chronic 
mania, epilepsy, hysteria, “hypochon- 
driac monomania,” delusional insanity 
(“madness”)®, melancholia, nervous or 
irritable cough, tremor in paralysis, 
febris nervosa (where fever arises from 
purely nervous disturbances), insomnia 
with hallucinations, delirium tremens, 
priapism, etc. It is used for its anodyne 
properties in angina pectoris, arthritis. 



PiOS. 1-4. Henbane growing wild in a sheep corral and elsewhere near Bearmouth, Montana. 
(Courtesy 0. W. Stewart.) 


the smoke entered the nostrils of the guards, 
and they all fell asleep, drowned by the drug ’ 

Modem Uses. During the past cen- 
tury and a half Henbane has found 
many uses in western medicine, uses 
depending on its value as an anodyne 
(pain reliever), hypnotic (sleep pro- 
moter), narcotic, mydriatie j(i^e pupil 
enlarger), mild laxative^ carminative 

* A holder for torches aad ether burning ob- 
jects. 


rheumatism, locomotor ataxia, colica pic- 
tonum (colic of lead poisoning, lead 
colic, or painter’s colic), other colics, 
podagra (or gout), neuralgia, gastralgia 
(stomach ache), cephalgia (headache), 
teething of babies'®, etc. As an anti- 

« Strange to say. Henbane is also said to 
cause insanity. 

10 Formerly, pieces of the root were strung 
around the neck of the baby to form the so- 
called “anodyne necklace”. 
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spasmodic it was and sometimes still is 
used in asthma, chorea (St. Vitus’ 
dance), tetanus, constipation, whooping 
cough, phthisical coughs, croup, etc. 

. Hyoseyamus is sometimes used locally 
for applying to painful swellings, irri- 
table ulcers, tumors, severe chordee, or- 
chitis, etc. 

A most important modern usage of 
Henbane and other solanaceous drugs is 
as a corrective for griping medicines, 
such as strong purgatives. It serves as 
an antidote in poisoning by mercury and 
other agents, and is occasionally used in 
treating the morphine habit. 

Henbane is sometimes used also as an 
hypnotic, etc., where opium derivatives 
cannot or are best not used, as for chil- 
dren. 

Among the so-called “mydriatic” or 
“solanaceous” alkaloidal drugs, Hen- 
bane is ranked in importance next after 
Belladonna. The average dose is 0.2 
Gram. 

Non-medieinal uses include its employ- 
ment for ages by professional poisoners. 
And finally, the leaves of the plant are 
said to repel mice. 

Poisoning 

The toxic properties of white Henbane 
have been recognized since long before 
the time of Christ. Poisoning comes 
about generally from the ingestion of 
doses larger than medicinal, and as a 
rule are seen where an overdose of medi- 
cine is taken, or where a part of the 
plant is accidentally consumed, as by 
children. Most recent poisonings de- 
scribed have been from one of the alka- 
loids. 

Poisoning begins with the development 
of mouth dryness, burning throat, pupil 
dilatation, visual disturbances, giddi- 
ness, nausea and hallucinations. If 
remedial measures are not taken and the 
dose is sufiSciently large, more serious 
symptoms ensue, such as dilBScult respi- 


ration, delirium, feeble quick pulse, 
coma, convulsions and finally death by 
paralysis of respiration. Fairly charac- 
teristic is the reddening of the skin of 
face and neck, somewhat reminiscent 
of that in scarlet fever, but in later 
stages of poisoning the skin becomes 
cold and clammy, although the rash may 
persist even after death. Most charac- 
teristic of all, at least for the solan- 
aceous group, is the persisting enlarge- 
ment of the pupil of the eye. This 
mydriatic effect commonly continues for 
several hours after death. 

Treatment is best conducted by wash- 
ing out the stomach with a stomach- 
pump, using tannic acid in the wash 
water. As antidotes, morphine or caf- 
feine may be used with care. 

Adulteration 

Henbane is sometimes adulterated, al- 
though less often than formerly. Hyo- 
scyamm mviicus L. (Egyptian or Cyprus 
Henbane) leaves and tops have some- 
times been seen admixed with the true 
Henbane. This is a particularly danger- 
ous adulterant, because this plant is very 
much richer in alkaloid than our Hen- 
bane. Also, other unofficial Henbanes 
have been used at times to adulterate or 
sophisticate true Henbane. Also so used 
have been Stramonium, Belladonna, Mul- 
len and Digitalis. Adulteration is best 
detected by means of the microscope, 
since when dried and crumpled, these 
various leaves have considerable similar- 
ity to the unaided eye. Thus, micro- 
scopically, Henbane is very readily dis- 
tinguished from both Belladonna and 
Stramonium by its much greater cover- 
age of the leaf by trichomes. 

Other Hyoseyamus Species 

Approximately 20 species of Hyoscya- 
mus are recognized. One species, Hyo- 
scyamus Mus, has already received 
passing notice. It was used by the an- 
cients for catarrh, cough, etc., and the 
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natives of southern Europe, where it 
grows, still sometimes use the plant in 
much t^e same manner as we do our 
medicinal Henbane. They also grow it 
as an ornamental in flower gardens, and 
additionally H. mreus L., which also is 
occasionally used as a drug. The root 
and herb o^ H, physaloides L. was once 
used in Siberia in place of opium as a 


medium of exchange. H. muticus^ 
already mentioned as an occasional 
Adulterant of Henbane, is imported into 
this Qountry in considerable quantities 
for use in alkaloid manufacture, as is 
well known. The alkaloid content is 
roughly 25 times as great as that of 
^■Henbane Niger as true Henbane is 
sometimes referred to in commerce. 


Utilization Abstracts 


Bamboo Pulp. “The future fpr white 
paper made of bamboo is bright. Rws made 
a few months ago were so successful that one 
concern is contemplating cultivation of bam- 
boo in Texas for commercial use. Only a few 
of the 123 varieties now being grown in a 
United States Experimental Station near 
Savannah, Georgia, have been tested, but 
further research is now being carried on”. 
{Pulp and Paper BMetin, as reported in 
Chemurgic Digest 5(13): 235, 1946). 

Cork Oak in Maryland. Through the 
cooperation of the Crown Cork and Seal 
Company of Baltimore and the Maryland 
Department of State Forests and Parks, ex- 
perimental plantings of cork oak, Quercus 
Sober, have been made in Maryland. It has 
been found that the southern counties and 
the Eastern Shore of the State are suitable 
for growth of this tree which is native to the 
western shores of the Mediterranean. It is 
hoped that this may indicate possible future 
commercial production of cork in the State, 
not only as a forest crop but also on farms 
where the acorns would be of value as hog 
food. 

“For normal peacetime manufacturing re- 
quirements in the United States about 160,000 
tons of cork are imported annually. Sixty 
percent of the cork brought to this country 
is used in the cardboard in- 

sulation. Other usIjnP^^k include: floats 
for gauges and fishing%ets, life jackets, shoe 
inner soles, printing press blankets, closure 
liners, ring buoys, gaskets of many kinds for 


automobiles, tractors, trucks, household ap- 
pliances and industrial equipment, linoleum, 
cork tile, sporting goods and novelties”. ( G. 
B. Cooke, Chemurgic Digest, 5(10): 187. 
1946). 

Charcoal. Charcoal is produced either as 
the residue from wood distillation operations 
in large retorts, or by incompletely burning 
wood under an earth blanket to carbon with- 
out any consideration being given to the 
volatile products driven off. In the north- 
eastern States there are four main uses of 
charcoal : 

First, in shade-tobacco curing sheds. 
About 7,500 tons are annually used for this 
purpose in the Connecticut. Valley, some of 
it in the form of briquets obtained, when 
available, from the Ford Motor Company in 
Michigan. These briquets are molded from 
powdered charcoal with starch or other ma- 
terial as a binder. 

Second, as fuel for home cooking by the 
foreign-born population. 

Third, in industrial operations, chiefly brass 
and other metal industries, where charcoal 
possesses qualities particularly valuable to 
the processes. 

Fourth, as a purifying agent. Pulverized 
charcoal, treated to drive off the hydrocar- 
bons, is converted into “activated charcoal” 
which possesses absorptive qualities as a re- 
flning and purifying agent. Water com- 
panies use it to remove tastes and odors 
from drinking water. (E. L. Heermance, 
Chemurgic Dip^st 5(10): 188. 1946). 
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veloped in Japan, and the use of agar 
grew rapidly, since it could be kept 
indefinitely in pure, dry form and could 
be transported cheaply to inland local- 
ities. Foreign demand for agar began 
to develop during the nineteenth cen- 
tury, and the Japanese began to export 
in small quantities. It was at the begin- 
ning of the twentieth century that export 
business became an important part of 
Japan’s agar industry. 


manufacturing process, including a “de- 
waterer” and dehydrating tower, pat- 
ented in 1929. Other factories have been 
established in California in recent years. 

Although California factories pro- 
duced only about ten percent of the 600,- 
000 pounds of agar used in the United 
States in 1941, the outbreak of war found 
these producers ready to expand to such 
an extent that they were able to meet our 
domestic wartime requirements and to 



Fig. 3 . Gracilaria conf ervoides, the sterile, free-floating phase. {Courtesy Duke University 
Press.) 


Development of the Industry in the 
United States 

Chokichi Matsuoka, familiar with the 
agar industry of the Orient, observed 
that an abundance of Gelidium carti- 
lagineum grew along the coast of Cali- 
fornia. He organized a company in 
1919 that first began to produce agar in 
1920. Matsuoka acquired several pat- 
ents relating to agar production, but his 
business failed within a few years. The 
factory was sold to John Becker, an 
engineer, who made a number of impor- 
tant labor-saving improvements in the 


provide small quantities for export to 
allied nations. 

Along the Atlantic coast of the United 
States a search for agar-bearing seaweeds 
began in 1942. Gracilaria conf ervoides 
(L.) Grev. was found in abundance of 
commercial value along the coast of 
North Carolina near Beaufort^. Late in 
1943 the Van Sant Company at Beaufort, 
working with an affiliated firm, the 
American Chlorophyll Company of Alex- 
andria, Virginia, began to produce agar. 
The Beaufort factory had been built for 

5 Humm, H. J. Science 96 : 230-231. 1942. 
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other purposes, but since war had eur- 
tailfid its original work, it was quickly 
adapted to produce agar exclusively. 
In 1945 the name was changed to Beau- 
fort Chemical CorpOTation and its pro- 
duction capacity increased. 

Exploratory work for agar resources 
continued along the Atlantic coast in 
1942 and 1943 with financial aid from 
the War Production Board. A survey 
of the coast from Maryland southward. 


duced were found also along the east 
coast in the Indian river between Day- 
tona Beach and Stuart. The gel 
strength, however, is somewhat inferior 
to that of agar from O. folnfera of North 
Carolina. 

Experimental and small-scale agar 
production took place on both the west 
and east coasts of Florida during the 
war. Experimental work was done at 
Citrus Concentrates, Inc., at Dunedin, 



Fig. 2. Eypnea musciformis. {Courtesy Duke University Press.) 


around the State of Florida and along 
the Gulf coast to New Orleans, resulted 
in the discovery of additional seaweed 
resources from which agar or an agaroid 
could be produced*. The greatest abun- 
dance of seaweed was found along the 
west coast of Florida south of Clear- 
water, especially in Taihpa Bay. The 
most common species include Qracilaria 
hlogettii Harv. and.G. folnfera (Forssk.) 
B0rg. The extractive of these species 
from the west coast of Florida is an 
agaroid, as it is ini|||rior in gel strength 
to agar. Considerable quantities of G. 
folnfera from which agar can be pro- 
«Hamm, H. J. Science 100 : 209-212. 1944. 


and production on a small scale was un- 
dertaken by Sperti, Inc., near Jensen 
on the Indian River. However, signifi- 
cant quantities of agar were not pro- 
duced in Florida before the end of the 
war, and apparently Florida production 
is still unimportant. An exclusive right 
to collect seaweed from the beds of known 
commercial value in the Indian river was 
issued to Sperti, Inc., by the State of 
Florida. 

In 1943 a subsidy was received from 
the Office of Production and Research 
Development by Duke University and 
its marine biological laboratory at Beau- 
fort, NorGi Uarolipa, to expand a pro- 
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gram of research on Atlantic coast agar 
resources. One outcome was the dis- 
covery that a new tyi)e of agar can be 
prepared from the extractive of Hypnea 
musdformis (Wulf.) Lamour.^ The 
important properties of this agar, gel 
strength and temperature of gelatin, 
can be altered or controlled over a wide 
range by addition of certain salts, sugars 
or other solutes. 

Development of Agar Industry 
in Other Countries 

Production of agar from Ahnfeltia 
plicata (Hud.) Fries and of an agaroid 
from Phyllophora rubens (L.) Orev. 
began in Russia about 1930. Phyllo- 
phora, abundant in the Black Sea near 
Odessa, apparently was the first to be 
utilized. Ahnfeltia is found in abun- 
tlanoe in the White Sea, especially in the 
vicinity of Vladivostok. Archangel and 
V’^ladimir, cities of the far eastern prov- 
inces. Ahnfeltia agar is of good quality, 
but it is not produced in as great a 
quantity as Phyllophora agaroid. As in 
the United States, these pre-war Russian 
industries immediately expanded in 
1942. Russian scientists have published 
many reports on technology, manufac- 
turing processes, chemical nature and 
properties, and on the various uses of 
Russian agar and agaroid. 

In 1942 production of agar began in 
many other parts of the world, partic- 
ularly in Australia, New Zealand, South 
Africa and India. An abundant supply 
of Gracilaria confervoides in Australia 
near Sydney, in Moreton Bay, and in 
Big Lake near Yamba provides raw 
material for a thriving industry. Over 
40 tons of agar were expected to be pro- 
duced during 1946®, and plans call for 
expansion to a capacity of several hun- 

T PeLoach, W. S., Christine Wilton, H. J. 
Humm, and F. A. Wolf. Bui. 3, Duke Univer- 
sity Marine Station. 1946. 

sMakarofl, A. Food Ind. 18; 1545-1548. 
1946. 


dred tons per annum within the next 
few years. Australia consumed about 
71 tons of agar in 1938, all of which was 
imported from Japan. Australian Ora- 
cilaria agar is said to be satisfactory for 
culture media and to have somewhat 
greater gel strength, elasticity and trans- 
parency than pre-war Japanese Oelidium 
agar. Another report states that Aus- 
tralian agar has a slighty lower gel 
strength than the Japanese product. 
The temperature of gelation of the two 
is about the same (37° to 42° C.). 

As early as 1939, government labo- 
ratories in New Zealand began to con- 
sider the suitability of domestic seaweed 
for agar production. Poiir species, 
Pterocladia lucida (R. Br.) J. Ag., P. 
capillacea (Gmel.) B. & T., Oelidium 
caulacantheum J. Ag. and OracUaria 
confervoides, have been tested.® The 
first mentioned species is the principal 
source because of its greater abundance, 
large size and relative ease with which it 
can be collected and processed. Ptero- 
cladia agar is said to be as good as 
Japanese Oelidium agar in all important 
properties, and better with respect to gel 
strength. New Zealand is apparently 
producing as much agar as was con- 
sumed in the islands in pre-war years. 

The agar industry developed in South . 
Africa in 1942, utilizing the cosmopoli- 
tan OracUaria confervoides^'’. Other 
species, including Oelidium cartilagin- 
eum and Suhria vittata (L.) J. Ag., have 
been found to contain agar but do not 
occur in sufficient abundance or are 
difficult to collect in quantity. Oelidium 
pristoides (Turn.) Ktz. and Hypnea 
spidfera (Suhr) Harv. were also tested 
and found to produce a weaker gel than 
the others. 

In 1941 the Laboratories of Industrial 
and Scientific Research in India investi- 

e Moore, Lucy B. New Zealand Jour. 8ci. & 
Tech. 26: 183-209. 1944. 

10 Isaac, W. £. Jour. 8o. Afr. Bot. 8: 225- 
236. 1942. 
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gated the possibilities of agar production 
from a species of Oracilaria (confer- 
voidest) that grows in abundance along 
the coasts of Travancore State". Two 
grades of agar, commercial and bacterio- 
logical, are produced. A yield of 43% 
of the dry weight of the seaweed is 
claimed. ^ 

In Italy the presence of agar in a red 
alga of the genus Spyridia was reported 
in 1940, although no reference was made 
to its abundance or utilization^®. A weak 
gel was also prepared from Grateloupia 
that was said to be suitable for bacteri- 
ological purposei^ in a concentration of 
five percent. 

Mexico has been an important source 
of raw material for California Agar fac- 
tories for a number of years. During 
the war, however, a factory was com- 
pleted there. Agar production has been 
reported also in the Dutch East Indies 
and Straits Settlements. 

Uses of Agar 

Agar was originally used in the Orient 
solely for food. Before the discovery of 
its value as a gelling agent for bacterio- 
logical culture media in 1882, small 
quantities of it were shipped from Japan 
to Europe where it was used principally 
in making jellies or blanc mange. As a 
result of her experience with agar as a 
substitute for gelatin in the kitchen, 
Frau Fanny Hesse, the wife of an asso- 
ciate of the famous German bacteriolo- 
gist, Bobert Koch, suggested a similar 
substitution for culture media^®. The 
idea was communicated to Koch who dis- 
covered that agar had many advantages 
over gelatin for culturing Imcteria, and 
he published his observations in 1882. 
Soon thereafter bacterologists every- 

H Bose, J. L., et oJ. Jour. 8ci. & Ind. Ees., 
India. 1: 1943. 

** doglis, L. Bic. 8ci. Pro. Teen. Econ. 
Naz. 11: 179-181. 1940. 

1# Hltehens, A. P., and M. C. Leikind. Jour. 
Baet. S7 : 486-493. 1939. 


where were using agar, and this new use 
led to a rapid increase in the quantities 
exported from Japan. The use of agar 
in bacteriology is still its most important 
use with respect to human welfare, al- 
though only about 15% of the agar con- 
sumed in the United States during the 
ten years before the war was for bacteri- 
ological purposes. 

Western peoples became familiar with 
agar first as a gelling agent for food in 
place of gelatin, and later through its 
use in culture media. As a result of this 
introduction to America and Europe, 
many other uses soon developed. Today 
the uses of agar comprise a long and 
varied list, most of which were developed 
in America. New uses are constantly 
being announced. A detailed discussion 
of agar uses has been published by 
Tseng". 

In Foods. As an ingredient of food, 
agar is rapidly gaining in popularity 
with manufacturers of frozen desserts, 
confections and baked goods. Large 
quantities are now used by bakers in 
fruit cakes, pie fillings, icings, meringues 
and certain types of bread. In fruit 
cakes 'agar is valuable as an agent for 
retaining moisture over long periods of 
time. In icings and frostings it prevents 
absorption of moisture during damp 
weather, with resultant stickiness, and 
prevents hardening during dry weather. 
In meringues and pie fillings it serves 
as a gelling or stiffening agent. 

In sherbets and water ices agar is an 
excellent stabilizer. For chocolate milk, 
carrageenin is the best known stabilizer, 
while with ice cream, sodium alginate is 
preferred. 

Agar is frequently used in cheeses, 
especially those of the Neufchatel type 
in which it reduces exudation of whey, 
renders the product easier to cut and 
gives it a firmer texture. Agar has been 

u Tseng, G. K. In J. Alexander, Colloid 
Chemistry, Theoretical and Applied. 6: 629-734. 
1946. 
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recommended also as a means of increas- 
ing the digestibility of cheeses. 

Probably as much agar is used in con- 
fections in the United States as in cul- 
ture media, especially for making jelly 
candies and marshmallows, but in other 
types of candy as well. 

In mayonnaise and salad dressings 
agar may be used as a stabilizer and 
thickener. In canned meats, especially 
fish, poultry and tongue, agar or an agar- 
aid is used to prevent the product from 
becoming mushy as a result of vibration 
in transit. Gelatin is less satisfactory 
because it melts during warm weather. 
Agar also prevents certain meats from 
causing a de-tinning of the inside of the 
can and subsequent darkening of the 
product. One of the principal uses for 
agar in Australia and New Zealand is in 
canned meats for export. 

Agar is often used in place of pectin 
for making jellies, jams, marmalade and 
preserves. It does not reijuire a certain 
proportion of sugar and fruit acid to gel, 
as does pectin. However, the acidity of 
the fruit juices or pulp must not be 
greater than pH 5.5, or agar will be 
hydrolyzed when heated and fail to gel. 
For gelling acid substances, an agar solu- 
tion should be prepared separately in 
water and mixed with the fruit product 
after both have begun to cool. 

When used in foods in place of gelatin, 
agar offers the following advantages: it 
solidifies quickly, it does not have to be 
refrigerated, it will not melt at room tem- 
perature, and only about one-eighth as 
much agar is required. 

Medicinal Uses. Agar is best known 
to the layman as a remedy for constipa- 
tion. For such use it is best taken in 
granular form with cereals or simply as 
a suspension in water. As a gel it is less 
effective. Its value in constipation stems 
from the fact that agar is virtually in- 
d^estible by man; hence agar particles 
constantly absorb moisture and swell as 
they pass through the body, providing 


an ideal form of bulk to promote per- 
istalsis and elimination. Agar has been 
highly recommended as a therapeutic 
agent for chronic constipation in chil- 
dren. It is often added in granular 
form to bread, biscuits, cookies or cereal 
for this purpose. 

Pills of various kinds are often coated 
with agar, especially where it is desirable 
to time or delay dissolution of the capsule 
or coating, or where there is need for a 



Fig. 3. Suhria vittata, (Courtesy New York 
Botanical Garden,) 

controlled rate of release of the medicinal 
agent. 

In Dentistry. Agar is used as the 
principal ingredient of a compound used 
by dentists to make impressions for 
plates. Agar is present as a gel in high 
concentration in this product. It is 
melted and poured into the mouth at a 
temperature that does not burn. Gel- 
ation occurs, however, at a few degrees 
warmer than body temperature. The 
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Ewlidified mold can be bent or somewhat 
compressed in removal and the elasticity 
of agar causes it to resume the pi^oper 
shape again. Agar is used in a similar 
manner in preparing molds for artificial 
hands and in other prosthetic work, and 
by sculptors for making impressions. 

In Cosmcftics. Agar often serves as 
a base for greaseless creams of various 
kinds, to stabilize emulsions, and to con- 
trol moisture content in tooth pastes. 



4. Agardhiella tenera. {Courtesy New 
Tork Botanical Garden.) 


shaving creams, hand lotions, deodorants, 
sunburn creams and other preparations. 

Industrial Uses. In the manufacture 
of tungsten wire for light ljulbs, agar is 
used as a suspending agent for graphite 
in a die-lubricating compound. It has 
been used in place of gelatin in photo- 
graphic emulsions in which it has a num- 
ber of advantages, but has never been 
widely used, probably because of the lack 
of uniformity of imported agar. Esters 
of agar are used, however, on the backing 


of films to prevent curling and reduce 
halation. These coatings wash off dur- 
ing developing. 

Agar is used in hectograph duplica- 
tors, as an activator in nicotine sprays, 
in the electroplating of lead, in batteries 
for use in boats, and to coat humus par- 
ticles for the marketing of nitrogen-fix- 
ing bacteria. 

Agar and agaroids have been used to 
some extent for clarification of liquids 
such as wines, beer and liquors. In the 
Orient, it serves as a sizing for certain 
types of paper and fabrics. 

In Science. In addition to its highly- 
important role in bacteriology, agar is 
one of the most important substances in 
studies on the physics of hydrophilic, 
gel-forming coUoids. In chemical lab- 
oratories it is used to cause flocculation 
of barium sulfate precipitates. It is 
valuable to the microtechnician as an' 
embedding medium for small pieces of 
plant or animal tissues that might ol^r- 
wise be lost in solutions, and for cutting 
material with a freezing microtome. In 
studies of plant hormones, agar is used 
as a vehicle for the test substance in the 
Avena coleoptile method. 

Manufacturing Methods 

Since agar is readily soluble in boil- 
ing water, it can be extracted easily from 
seaweed. The resulting agar solution 
will form a firm gel when cool if the 
proper proportion of seaweed and water 
is used. Separation of the seaweed 
residue from the agar solution can be 
accomplished by simple straining, but 
removal of fine suspended matter is more 
of a problem because the viscosity and 
colloidal nature of agar, and the neces- 
sity of keeping the solution hot, make it 
rather difficult to filter. Filtration re- 
moves only the suspended impurities. 

Soluble impurities can be removed 
from agar by freezing the gel and allow- 
ing it to thaw. As freezing occurs, most 
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of the water of hydration held by the 
agar micelles separates as free water. 
Upon thawing, water thus freed sepa- 
rates from the agar and takes with it the 
same percentage of soluble impurities 
as water lost from the original gel. The 
proportion of water set free varies some- 
what with concentration of agar and 
species of seaweed from which the agar 
was extracted. Usually from 75 to 90% 
of the water is lost. Freezing and thaw- 
ing are important steps in agar manufac- 
ture because of the two-fold effect: par- 
tial dehydration and a good degree of 
purification. The water remaining in 
the agar is removed by drying in the sun 
or in hot air. With agaroids, freezing 
and thawing are usually not practicable 
because so little water is lost. 

American Factory Methods. A 
weighed quantity of dry seaweed ade- 
(juate for one extraction is placed in a 
large tank of fresh water and washed by 
l)ropellor agitation. It is then conveyed 
to a cooker. In California large pres- 
sure cookers are used ; in North Carolina 
cooking is done in wooden tanks in which 
the water is heated by live steam. After 
two to six hours cooking, the agar solu- 
tion is separated from the seaweed resi- 
due by straining and run into a storage 
tank in which a high temperature is 
maintained by steam coils. Usually the 
seaweed residue is cooked again and the 
resulting weak agar solution used as 
liquor in which to cook the next batch 
of new seaweed. Filter aid is added to 
the agar solution and it is forced through 
a filter press. In some factories a hypo- 
chlorite bleach is added to the agar just 
before filtration, but in others the bleach- 
ing agent is not added until later. From 
the filter press the agar solution is run 
into ice cans to cool and gel. After ge- 
lation has occurred, the agar may be 
chopped and then frozen, or it may be 
frozen in the cans without chopping. 
Blocks of agar ice are fed through a 
crusher and thence to a tank of water 


in which melting takes place. After 
melting is completed. North Carolina 
manufacturers drain the water off 
through a sieve and pump the wet agar 
to the drying room where it is spread on 
screens and dried by circulating hot air. 
It is hammermilled and pulverized and 
is then ready for market. 

From the melting tank, California 
producers usually pump the agar-water 
mixture to a “dewaterer” which draws 
off the free water by vacuum, leaving the 
wet agar on a screen whence it is con- 
veyed to a cylindrical stack drier 
through which a hot air current passes. 
As the moisture content of the agar fiakes 
falls to 20%, they are buoyant enough 
to be blown to the top of the stack and 
are picked up by a screw conveyor. 
Some agar is marketed as fiakes, but 
much of ft is granulated by hammermill 
before it is packaged for use. 

Japanese Method. The manufactur- 
ing process is similar in Japan but more 
primitive due in part to the low cost of 
labor. Dry seaweed as received by the 
factory is spread out in the sun again 
and alternately sprinkled with fresh 
water and allowed to dry until it is 
thoroughly bleached, a procedure neces- 
sary to obtain clean-looking agar where 
a filter press and filter aid are not used. 
Extraction is accomplished by open boil- 
ing, and often 20 to 40% of a cheaper 
substitute seaweed is added to the agar- 
ophyte, Qelidium Amansii^^. The hot 
agar solution is strained through coarse 
and then fine mesh linen cloth and 
poured into wooden trays to gel. For 
shredded agar, the gel blocks are removed 
from the trays and cut into bars; then 
the bars are pushed through a grating to 
produce slender agar straws. These are 
spread on mats and allowed to freeze 
outdoors in the winter. When thawed 
and dried in the sun, the agar is pack- 

Tseng, C. K. In J. Alexander, Colloid 
Chemistry, Theoretical and Applied. 6: 629-734. 
1946. 
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aged in the form of shreds. Since nat- 
ural freezing is relied upon by most Jap- 
anese manufacturers, agar production is 
seasonal. Cooking is done only during 
late fall and winter. Seaweed is col- 
lected by fishermen during summer. 

Physicgl Properties of Agar 

Most investigators who have studied 
the physical properties or chemical struc- 
ture of agar have worked with a commer- 
cially prepared product which they 
‘ ‘ purified ’ All commercially produced 
agar contains phycocolloids from a num- 
ber of different 'Species of seaweeds. 
Some Japanese agar may be as much as 
one-third extractive of a seaweed other 
than the principal agar source, OflitUum 
Amanm. Agar manufactured in Amer- 
ica is not contaminated intentionally, but 
it is impossible for the manufacturer to 
free his raw material of all foreign sea- 
weeds. Consequently, much of the data 
on physical properties is of limited value 
because of the influence on results by 
contaminating phycocolloids. To be re- 
producible and accurate, investigations 
must begin with the seaweed raw ma- 
terial, correctly identified by an algolo- 
gist and carefully freed of all contami- 
nating material before extraction of the 
phycoeolloid is done. Any appraisal of 
the significance of literature on the prop- 
erties of agar must take these facts into 
consideration. 

Hysteresis. A phenomenon exhibited 
by agar to a remarkable degree is hyster- 
esis, the l^ging of response behind the 
application of some change causative of 
the response. Oelidium agar must be 
heated to about 90° C. in order to dis- 
solve it in water. Once dissolved, gela- 
tion does not occur until the temperature 
has fallen to about 40° or lower. If the 
resulting gel is heated, it will not melt 
until the temperature is about 80°. 
Thus there is a range of at least 40° in 
which a solution of agar may exist either 
as a sol or as a gel. With North Caro- 


lina GracUaria agar the range is only 
about 25°, since some samples begin to 
gel at about 60°, while the melting tem- 
perature is about the same as Gelidium 
agar. 

The extractive from Hypnea musci- 
formis is much more complex in its 
hysteresis behavior than any other phy- 
cocolloid known. In general, the tem- 
perature range between gelation and 
melting varies from 15° to 20°, a nar- 
rower range than for most phycocolloids. 
Since a solution of pure Hypnea extrac- 
tive in distilled water apparently will 
not gel at any temperature in the ab- 
sence of an electrolyte or some other 
solute, solutes, in addition to serving as 
gel-promoting agents, affect such char- 
acteristics as gel strength, tempqip|rts^^ 
of gelation and melting, syneregfe,’ 
cosity of melted solutions, hysteresis 
and other physical properties. If potas- 
sium chloride is used to cause gelation, 
the temperature range between gelation 
and melting is about 16° ; with rubidium 
or caesium chloride the range is about 
18°; with dipotassium phosphate, 12°. 
Only preliminary observations have* been 
made on the behavior of this phycocol- 
loid. 

Gel Strength. A recent study of gel 
strength of a variety of agars showed 
GracUaria confervoides of North Carolina 
to produce the strongest geP^ If the gel 
strength given for this sample be as- 
signed 100, the relative strength of other 
gels tested (all 1.5% agar) is represented 
as follows : California Gelidium agar, 69 ; 
South African GracUaria confervoides, 
52; Japanese Gelidium 42; California 
G. confervoides, 30; Australian G. con- 
fervoides, 26. Samples from which 
these gel tests were made are not neces- 
sarily representative, although a general 
trend is probably shown. Variation in 
gel strength of North Carolina GracUaria 

>«Lee, 0, P., and L. S. Stolofl. Spec. Sci. 
Bept. No. 87, Pish and WUdlife Service, IT. S. 
Dept, of the rnfitlior. 1046. 
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is such that the average is approximately 
the same as California Oelidium agar. 
Observations on gel strength of Gracil- 
aria foUifera agar from the east coast of 
Florida indicate that it is about 90% as 
strong as the best Oelidium agar^^ 

The remarkable effect of solutes on the 
gel strength of agar from Hypnea musci- 
formis is such that gels can be prepared 
from this extractive that will possess as 
much as twice the strength, in equal con- 
centration, of any other agar known, 
provided the proper solute is present. 
Many electrolytes are known to increase 
the gel strength of certain phycocolloids, 
especially carrageenin, but the relative 
effect is much less than with Hypnea 
extractive. 

Syneresis. One of the characteristics 
of all gels is the tendency to slight 
shrinkage and a concomitant squeezing 
out of tiny droplets of water. Gels of 
both Oracilaria confervoides and O. foli~ 
if era typically exhibit greater syneresis 
than those of Oelidium agar. Syneresis 
of gels of Hypnea has been observed only 
superficially, but it is known to vary 
with the nature and concentration of 
solutes present. 

The liquid that exudes from agar gels 
contains a higher concentration of sol- 
utes than were present in the original 
soP®, except when certain mixtures of 
salts are present. As gelation occurs, 
agar particles are believed to grow in 
size and to form a vacuolate system in 
which solutes become more concentrated 
in the liquid phase because of hydration 
of the agar micelles. Syneresis repre- 
sents a small portion of the liquid phase 
that is forced to the surface by contrac- 
tion. Syneresis varies inversely with 
concentration of agar in a gel, while 

Williams, B. H. Proe. Fla. Aead. Sci. 8: 
161-170. 1945. 

IB Bossi, G., and A. Mareseotti. Gazz. Chim. 
ItaL 63: 121-127. 1933; Ibid. 66 : 223-227. 
1936. 


solutes affect both rate and volume of 
exudation. 

Imbibition. Studies on the absorp- 
tion of water by dehydrated agar have 
led to a better understanding of its physi- 
cal properties and have shown that the 
principal factors that determine the ex- 
tent of imbibition and swelling when 
equilibrium is finally reached are initial 
moisture content and the nature and con- 
centration of solutes. As imbibition 
occurs, heat is evolved. 

The longer an agar solution is heated 
at 100° C., the less will the agar swell 
after dehydration followed by soaking 
in water^®, but at the same time, ultimate 
swelling is also affected in a curious way 
by the initial water content*®. Totally 
dehydrated agar swells relatively little, 
but swelling is progressively greater 
with greater initial water content up to 
about 313 mg. of water per gram of dry 
agar, where swelling is at maximum. 
Beyond this point a relatively higher 
initial water content results in relatively 
less swelling. At the point where the 
initial water content is about 554 mg. per 
gram of dry agar, swelling is slight and 
a change in optical properties has been 
noted. Agar sheets or disks are trans- 
parent with less than 554 mg. of water 
per gram, while with greater moisture 
content they are opaque. Further obser- 
vations of this nature are needed on agar 
of known source and from different 
species of seaweeds. 

Solutes, both electrolytes and non-elec- 
trolytes, have a pronounced affect upon 
the extent of imbibition of agar. Var- 
ious acids and bases are said to have 
about the same affect upon swelling at a 
given pH, the maxima occurring at pH 
3.0 and 11.0. In dilute solutions of neu- 
tral chlorides, the swelling of Oelidium 
agar is greater than in pure water, but 

7® Fairbrother, F., and H. Maatin. Jour. 
Ghem. Soc. 123: 1412-1424. 1923. 

Clarke, B. L. Am. Chem. Soc. Jour. 47: 
1954-1958. 1935. 
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if the concentration of chloride is about 
0.1 N or greater the swelling is less than 
in water. Cations are of greater sig- 
uideance, but anions affect the process, 
especially in higher concentrations ; both 
cations and anions exert an effect in the 
order of their place in the lyotropic 
series. The effect of ions upon the im- 
bibition of Gelidium agar is apparently 
the reverse order of their affect upon 
swelling .of Hypnea extractive. Agar 
exposed to ultra-violet radiation or x- 
rays swells less than untreated samples, 
probably because of partial hydrolysis 
caused by short wave length radiation. 

Precipitation. If a melted agar solu- 
tion is poured into a large volume of 
ethyl alcohol or acetone the a^ is pre- 
cipitated as a white fibrous maM. Alco- 
hol-precipitated agar can ,b€ redissolved 
in cold water, if the precipitate is not 
permitted to dry, and a gel will form 
immediately following dispersion of the 
agar. If the precipitate is dried, it must 
be heated almost to boiling to redissolve. 
Precipitation by alcohol is a convenient 
method of purifying agar. 

Agar sols are also precipitated by 
small quantities of tannin (as little as 
1%) or by large quantities of very solu- 
ble electrolytes. Explanation of these 
phenomena is based upon the theory that 
agar particles are stabilized by both 
hydration and electric charge and that 
both these factors must be removed to 
effect flocculation*^. 

Solubility in Organic Liquids. Agar 
can be dissolved in glycerin, ethylene 
glycol and other polyhydroxy alcohols. 
OeUdium and OracUaria agars do not 
gel in these liquids unless at least a small 
amount of water is present. Hypnea 
extractive, however, forms a firm gel in 
the complete absence of water. Appar- 
ently the micelles of the Hypnea sol are 
more rapidly “hydrated” by molecules 
of the sblvent. It seems likely that spe- 

'ti Elniyt, K., and H. G. B. de Jong. EoUoid. 
Beibefte 28: 1-64. 1928. 


cial uses for Hypnea extractive will be 
developed by virtue of its property of 
forming gels in such liquids. 

Chemical Nature of Agar 

In recent years much progress has been 
made toward an understanding of the 
chemical structure of certain seaweed 
polysaccharides which include many of 
those collectively called agar. To speak 
of agar as a single substance of certain 
(if known) chemical structure is prob- 
ably a mistake. It must be assumed that 
each species of seaweed synthesizes a 
chemically different type of phyeocolloid 
until it has been shown that phycocol- 
loids from two or more seaweeds are 
chemically identical. Since the term 
“agar” is applied to extractives from 
many different species of seaweeds, the 
chemical structure of agar can be given 
only in general terms that apply to all 
agar-like phyeocolloids, unless the species 
is stated from which the agar was ob- 
tained. 

It has been shown that Gelidium agar 
and certain agaroids are a sulfuric acid 
ester of a linear galactan that exists in 
nature as a calcium salt. The galactan, a 
very complex carbohydrate, is composed 
principally of d-galactose units but also 
contains Z-galactose. Agar is' readily 
hydrolyzed by heating with a dilute 
acid, after which the solution will reduce 
Pehling’s reagent and in which galactose 
can be detected. The calcium of the 
agar molecule can be replaced with other 
metals such as potassium or sodium or 
even by organic bases such as aniline 
and alkaloids. The resulting agar re- 
tains its fundamental properties but 
does not behave in precisely the same way 
as natural calcium agar. By this means 
the influence of the nature of the metal 
ion on properties of agar can be studied. 
It has also been found that the sulfate 
ion can be replaced by chlorine or nitrate 
without destruction of the gel-forming 
property of agar. , 
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Blectrodialysis of agar removes all 
metallic ions leaving the free agar acid, 
a 1% solution of which was found to 
have a pH of about 2.4**. Neutraliza- 
tion of the acid restores its gelating 
property, but if free agar acid is heated, 
irreversible hydrolysis results. 

The ash content of Oelidium agar var- 
ies from about 3.3% in highly purified 
samples to 3 or 4% in commercially pre- 
pared agar. Calcium sulfate is the prin- 
cipal constituent. The acid-insoluble 
ash is usually less than 0.5%, most of 
which may come from diatoms, either 
from the seaweed or from diatomaceous 

22 Hoffman, W. F., and R. A. Gortner. Jour. 
Biol. Cham. 66: 371-379. 1925. 


filtering material used in filter presses. 

With the agaroid carrageenin and 
with Hypnea extractive the ash content 
is 20% or greater. Apparently the 
carbohydrate portion of the molecule is 
less complex in agaroids. 

One of the ultimate goals in the chem- 
ical analysis of phycocolloids should be 
the chemical synthesis in the laboratory 
of substances with similar properties. 
When a chemist learns how to combine 
a simple sugar, a mineral acid and a base 
to form a carbohydrate ester with prop- 
erties similar to those of agar, he will 
have shown the way toward the creation 
of a long list of products of value to 
human welfare. 


Utilization Abstracts 


Oiticica Oil. The oitieiea tree, Lieania 
rigid>a, grows wild and to a height of 60 or 
more feet along rich river banks in north- 
(»astern Brazil, where for many years the oil 
obtained from its nuts has been used as a 
lamp fuel and for medicinal purposes. 
‘^More recently, mixed with resins, it has 
been used successfully for caulking boats. 
Processing of the nuts was primitive. The 
natives hulled the nuts, crushed the kernels 
in a hand mortar, then mixed the resultant 
mass with water and heated the mixture. 
The oil coming to the surface was skimmed 
off, then treated with hot water for many 
hours to purify it”. 

Demands for oil engendered by World 
War I induced the erection of extraction ap- 
paratus in Natal, and the oil extracted was 
used chiefly in the local manufacture of 
paint. In 1927 a factory was set up in 
Rio de Janeiro, and in 1929 another at 
Fortaleza which has since become the center 
of the oiticica-oil industry. Improved proc- 
essing has rendered the oil suitable for use 
in paints and varnishes for cement, marine 
and metal surfaces. 

Subsequent publicity and a drop in im- 
portations of tung oil from China increased 


the exports of oiticica oil from Brazil from 
88 tons in 1934 to nearly 11,760 tons in 1945, 
about 95% of which came to the United 
States. Oiticica, a fast drying oil, has thus 
attracted attention as a highly successful sub- 
stitute for tung oil in paints and varnishes, 
and very useful also in linoleum, inks, mois- 
ture-proof fiber board, brake-bands and me- 
tallic soaps, and as an improver of elasticity 
in rubber base products. 

The pecan-like fruit of the oiticica tree 
has a yellow to black kernel, containing about 
60% oil within a shell that is dull greenish 
when ripe. The crops are gathered, wholly 
from wild trees so far, from January through 
April, i.e., during the rainy season, and the 
work is a peasant occupation under very 
primitive conditions involving transportation 
on burros. 

By establishing penalties for felling oiticica 
trees and for picking unripe nuts, by pro- 
hibiting exportation of the seeds, and by sup- 
porting experimentation in the growing of 
oiticica trees and in technological problems 
of the oil, the Brazilian government has given 
support to this rapidly developing plant 
product from Brazil. (W. N. Small, Brazil 
20(8): 14. 1946). 



Cinchona Plantation in the New World 


The pre-war Dutch East Indies monopoly of cinchona 
bark, source of quinine — the world’s great febrifuge — 
is being challenged by the prospective results of ex- 
tensive experimental plantings of the trees in Guate- 
mala. 


P. R. POSBERG 

U. 8. Department of Agriculture 


On the steep slopes of the extinct vol- 
cano Santa Clara, in sputhwestern Gua- 
temala, a plantation may be visited 
where a fascinating experiment is tak- 
ing place. It is an attempt to break the 
New World’s dependence on ike East 
Indies for a supply of cinchona bark, 
source of quinine. 

In 1934, long before most people 
imagined the events of late 1941 and 
early 1942, when the cinchona planta- 
tions of the Par East were to be lost to 
the Japmiese, American drug manufac- 
turers were chafing at the quinine 
monopoly of the Dutch Kina Bureau. 
The* shrewd cinchona planters of the 
Netherlands Indies had organized to 
protect themselves in their enjoyment 
of the fruits of their long and intensive 
research on the . culture of this valuable 
tree.' There had been many discourag- 
ing ^ears of attempts at the establish- 
ment of plantations in the East, and 
many introductions of the trees were 
made from the New World. When 
finally, as a result of the introduction 
of the famous Ledger strain of cinchona 
from Bolivia, the plantations in the 
Orient became paying propositions, a 
supply of quinine to replace the rapidly 
vanishing wild product was assured. 
There followed a tremendous amount 
of research on methods of culture, har- 
vesting of bark, and treatment and proc- 
essing. Few other tropical crops have 
had such an amount of careful scientific 


work as cinchona. Then, in order to 
avoid over-production, with a consequent 
decline in price, the Dutch planters or- 
ganized and effected a careful super- 
vision of the amount of bark produced. 
The prices remained high, out of reach, 
of course, of the millions of impoverished 
malaria sufferers in the tropics, and the 
industry prospered. 

During the years from 1900 to 1943 
the amount of cinchona bark produced 
in America, the original home of the 
plant, was negligible. Small amounts 
of wild bark harvested in Bolivia were 
bought up by agents of the Kina Bureau. 
Occasional shipments of a low-quinine 
bark from northern Peru were sent to 
Europe for wine-flavoring. A few ship- 
ments of low-grade bark were made from 
Ecuador in recent years, and tiny door- 
yard plantations of the famous Succi- 
rubra variety of cinchona have existed 
for many years on the western slopes of 
the Ecuadorean mountains, but all with- 
out any influence on the world supply 
of quinine. 

In 1934 Merck and Co., large scale 
American drug manufacturers, decided 
to attempt the promotion of cinchona 
cultivation in the New World. The 
technique adopted was to import seeds 
of desirable strains and to assist and en- 
courage loeal coffee planters to under- 
take its cultivation. Guatemala was 
decided upon as .the country in which 
to try' the experiment. Though it may 
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have seemed almost hopeless to try to operated well, but mistakes and dis- 
overtake ^ and compete with the Dutch, couragements were numerous and costly, 
with their 75 years of experience and Gradually a large number of strains of 



Scenes at Finea El Naranjo, the Experimental Cinchona Plantation of Merck & Co. on the 
slopes of extinct Santa Clara volcano in Guatemala. 

Figs. 1 & 2 {Upper left and right). Church and laborers houses. Figs. 3 & 4 {Center left 
and right). Seedlings and young trees of the Succirubra type of cinchona. Fig. 5 {Lower 
left). Two of the plantation buildings. Fig. 6 {Lower right). Quills of cinchona bark, 
stripped from trees, spread in a patio to dry in the sun. ^ 

research, as well as their tight organize- cinchona from many sources* were 
tion, the company considered it a good accumulated and selection programs 
long-term investment. started. Experience was being acquired. 

The planters worked hard and co- In 1939 Merck and Co. decided to go 
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further into the business and, under 
their auspices, Experimental Planta- 
tions, Inc., was organised. Finca El 
Naranjo, a l^rge coffee plantation south- 
west of the beautiful Lake Atitlan, over- 
looking the Pacific slope of Guatemala, 
was purchased to be used for large scale 
experiment in the culture of cinchona. 
Together with the planters already en- 
gaged 'in the business they formed an 
organization for mutual assistance and 
cooperation in research called ** Cinchona 
Cooperators of Guatemala”. "With the 
work already done by the planters, the 
selections of plant material accumulated, 
and with the experience acquired, there 
was available a firm foundation on which 
to broaden out experimenta^n on a 
much larger scale and even for practical 
production. The second world war, with 
the temporary loss of the Dutch colonies 
in the East, gave the enterprise just the 
impetus it needed. The planters were 
encouraged to broaden their operations. 
Experimental Plantations has acquired 
several smaller properties, as well as a 
large plantation in a wild and inaccessi- 
ble part of Guatemala near the Mexican 
border and another in Costa Rica. 

Finca El Naranjo is a large and thriv- 
ing establishment. A staff of expert hor- 
ticulturists and plant breeders with 
trained Guatemalan assistants live per- 
manently on the place. There are com- 
fortable houses for the staff. The 
climate is ideal, as the altitude is about 
4,000 feet and cool breezes have a free 
sweep in from the Pacific. There are a 
shop and store, road and telephone con- 
nections with the rest of the country, 
and a thriving colony of local Indian 
laborers who are provided with a neat 
little village of sanitary and adequate 
houses. Also, and very important in 
the tropics, ther^^ a clean, pure and 
abundant water fflpply from the slopes 
of the volcano abbve. 

On the steep dissected slopes above 
the plantation headquarters are field 


above field of young cinchona trees of 
various ages. These fields, the plots and 
rows within them, and even many of the 
individual trees bear numbers or other 
designations. These are the keys to the 
careful records of the experiments kept 
in the offices. 

There is an enormous nursery, with 
row upon row of beds of seedling trees, 
and literally miles of transplant beds. 
Grafting is performed to the extent of 
literally hundreds of thousands of plants 
in a season. This grafting of plants 
with a high quinine content but delicate 
constitution on rootstocks of vigorous 
weedy strains greatly reduces the haz- 
ards due to losses and poor growth. 

The plants chosen for large-scale prop- 
agation are the products of a long 
and ruthless process of selection. Out 
of thousands of progeny of “mother 
trees” known for their high quinine con- 
tent, only the very best are saved. As 
soon as the young trees reach an age 
where the quinine content of their bark 
is significant, samples of each are taken 
for analysis. Of the trees sampled, only 
the few with the very highest percentage 
of quinine are permitted to be the par- 
ents of the next generation. This process 
is repeated again and again. The very 
b^t tre^ are preserved and propagated 
vegetatively to form the clones, or asexu- 
ally multiplied individuals, which are 
to be the basis of further experiments 
and of the commercial plantations to 
come. Much of the work of this selec- 
tion process was accomplished by the 
original planters before the founding of 
Experimental Plantations. 

Both before and during the war every 
effort was made by Merck and Co., the 
planters, the U. S. Department of Agri- 
culture, and many individuals to bring 
together an enormous collection of kinds 
and strains of cinchona from every 
source available. Seeds were purdbaaed 
or stolen in Java, brought from the more 
or less abandoned attempts at cinchona 
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ture references. Several references, 
especially from this hemisphere, deal 
with “roselle” when it was determined 
later that the plant material discussed 
was actually kenaf. It is true that 
plants of these two distinct species are 
quite similar upon casual observation, 
but, by close comparison, the differences 
as set forth in Table 1 are apparent. 

Kenaf, usually an annual but under 
certain conditions a perennial plant, be- 
longs to a large genus containing fiber- 
yielding species. The genus Hibiscus is 


piled a list of 129 world-wide names 
which have been given this plant. The 
Sanscrit name for the cultivated plant 
of ancient India, which produced Deccan 
hemp, was “nalita” (52). According 
to the first accurate information on 
kenaf fiber (43), the source plant is 
known in western India as “Ambari” 
(hence the names “Ambari fiber” and 
“Ambari” or “Ambaree hemp”), 
whereas in Madras it is known as 
“Palungi” and in Bombay as “Deccan 
hemp”. In Hindustan (17) the plant 


TABLE 1 

Comparative Differences Between Hibiscus cannabinus and H. Sabdariffa 


Plant part 

H, cannabinus 

H, Sabdariffa 

Flower : 


. 

Braeteoles 

Not adnate to calyx 

Adnate to base of calyx 

Color of corolla 
Freeh 

Pale yellow to sulphur 

Pale yellow 

Withered 

Pale yellow to sulphur 

Pale yellow with reddish tinge 

Seed: 

Shape 

Triangular, angles acute 

Kounded-hemispherical, angles 

Surface 

Dull gray with many yellowish 

rounded 


brown, raised spots 

Dull gray without spots 

Hilum 

Yellowish bro^vn, relatively small 

Brownish red, relatively large 

Stem 

Prickly 

Unarmed 


in the family Malvaceae, of which cotton 
{Qossypium spp.) is probably the most 
important member. The Hibiscus genus 
is characterized by plants that generally 
have large showy flowers, the rose mallow 
(H. Moscheutos L.) and okra (H. escu- 
lenius L.) being representative Ameri- 
can species. The plants of this genus 
abound in practically all countries, and 
to find a fiber list that does not include 
from one to several species is difficult. 

The most valuable species of the genus 
is, according to Dodge (15), Hibiscus 
amnabinus, which, he states, is a native 
of the East Indies; some writers (25, 
32, 40) are of the opinion that the plant 
is native to Africa, while another (45) 
says its home is Asia and Australia. 

Miyake and Suzuta (33) ^ve eom- 


is called “patsan”, while in Bengal it 
is known as “Mestapat”. The name 
“Kanaff” is used in Persia. It has 
been pointed out (26) that many of the 
names, such as “Indian hemp”, “brown 
hemp”, “Bombay hemp” and “Roselle 
fiber”, were names for mixed-fiber prod- 
ucts that were obtained not only from 
Hibiscus spp. but also from Cannabis 
sativa L., Crotalaria juncea L., Abel- 
maschus spp., Urena spp., etc. At the 
beginning of the twentieth century the 
pure fiber of H. cannabinus was called 
“Gambo hemp” or “Bimlihemp” (a 
shortened form of Bimlipatam hemp), 
and the name “Java- jute” had come 
into use. 

In addition to the above names, the 
plant has also been called “wild stock 
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rose”, “teel”, “wild saur”, “Hemp mal- 
low”, “Sunn Okro”, “hemp-leaved 
Hibiscus*', “Kanaf”, “Bastard jute”, 
“Deeeani hemp”, “Deckanee hemp” 
and “Deckanse hemp”. Among some 
of the other names mentioned, the fiber 
products .Jiave also been called “Mesta 
fiber”, ‘^Dekanee hemp”, “Jute of 
Madras”, “Bimlipatam jute” and 
“Bimli-jute”. 

Varieties 

Until 1911, when five varieties com- 
prising eight agricultural types of Hibis- 
cus cannabmus were selected and de- 
scribed in India (27), the kind of plant 
always referred to in the literature was 
the green-stemmed type with divided 
leaves. As a result of this comprehen- 
sive botanical investigation, the following 
varieties were named and typed: 

“1. Variety simplex 

Type 1. — Stems purple; leaves entire 
with purple petioles. 

2. Variety viridis 

Type 2. — Stems green; leaves entire 
with green petioles. 

3. Variety ruber 

Type 3. — Stems red below, greenish 
above ; leaves divided with 
green petioles. 

4. Variety purpureus 

stems purple; leaves divided 
with purple petioles. 

Type 4. — ^Late, stems very tall and slen- 
der; leaves with narrow lobes 
of a diffused purple color; 
petals purplish. 

Type 5. — Early; stems short and ro- 
bust; leaves green with broad 
lobes. 

a. Variety vulgaris 

stems green ; leaves divided 
with grech petioles. 

Type 6, — Plants very early. 

Type 7. — Plants late; seedlings with 
reddish stems. 

Type 8. — ^Plants late; seedlings with 
green stems.” 

Work in Cuba (10) has shown that 
the Hibiscus cannabinus grown for fiber 
in this hemisphere is composed of two 
varieties: viridis (type 2) and vulgaris 


(type 8) . As the seed which was intro- 
duced into Cuba from El Salvador was 
reported to have come originally from 
conlmercial plantings in Java, it is logi- 
cal to assume that the varieties in Cuba 
are representatives of those grown in 
Java. Two of these, viridis and vulgaris, 
have been identified; the other, pur- 
pureus (26), has not been ascertained. 

The following description of the two 
varieties in Cuba is presented for a basis 
of comparison: 

Plant. — Herbaceous annual of 3-7 months 
duration, depending on time of planting. 
Stem. — Straight, simple, more or less glabrous 
but with prickles; 3-14 feet in height, de- 
pending on time of planting. 

Leaves. — Cordate and very shallowly lobed with 
serrated margins, mid-vein with one gland 
beneath near base of blade, petioles gen- 
erally longer than the blades, with prickles 
slanting toward «the blade; stipules linear 
and pointed . — Hibiscus cannabmus var. 
viridis (type 2). Basal leaves cordate and 
not lobed, 3-, 5- and 7-palmately lobed into 
narrow serrate parts, respectively, up the 
middle portion and 3-palmately lobed into 
narrow serrate parts at top of stem; mid- 
vein with one gland beneath near base of 
blade; petioles generally longer than the 
blades, with prickles slanting toward the 
blade; stipules linear and pointed. — Eih in- 
cus cannabinus var. vulgaris (type 8). 
Plowbes. — Solitary, with short peduncles in 
axils of leaves; corolla large, spreading, 
thickened below and thin above, petals pale 
yellow to sulphur-colored with crimson to 
purplish center; epicalyx stiff, consisting 
of 7-8 bracteoles, 10-13 mm. long, which 
are free above, connate below, and inserted 
near base of calyx; calyx bristly, lanceo- 
late, 29-31 mm. long, connate below the 
middle, 5-parted with one large gland near 
the middle; style rises through stamina 1 
column, one in number which terminates 
in 5 stigmatic branches; carpels 5, joined 
into 5-locular capsule, each locule contain- 
ing 4 or 5 seeds; capsule bristly, globose, 
pointed; seeds glabrous. 

The preceding descriptions indicate 
that these two varieties are alike in all 
external characteristics except shape of 
leaves. Investigations (46) on the per- 
centage., of natural cross-pollination in 
the different varieties have shown, how- 
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ever, that viridis is entirely self-pol- ticular planting: there were a few out- 
linated, while in vidgaris eross-pollina- standing plants which were green and 
tion varied from 2.6 to 3.9% in its had retained all their leaves, while, at 
various strains. the same time, the remainder had 

Observations on the two varieties in dropped most of theirs and seeds had 



Fio. 1 {Upper left). 100-day-old kenaf ready for harvesting, phinted in 8-ineh drill rows, 
30 pounds of seed per acre. Fio. 2 {Upper right). Kenaf may be harvested mechanically at the 
rate of approximately one acre per hour. Fiob. 3 & 4 {Lower left 4" right). 100-day-oid kenaf 
stalks, cut and tied by a modified hemp harvester- binder, being loaded for transport to a de-fibering 

mm. 

Cuba have indicated that they are com- matured. Similar observations have 
posed possibly of a number of strains, in been made in Russia (3) where it has 
that there has been some variation in been found that the variety vulgaris con- 
the period of vegetative development sists of a number of strains differing 
among plants. For example, in one par- by their length of growth period, by 
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their habit of growth and branching, and 
by some other less important peculiari- 
ties connected closely with length of the 
vegetative period. 

Work in Persia (41) has shown that 
the differences in strains of Hibiscus 
camtabinus are in the height of the 
plant, thickness of the stem, the color, 
and in the leaves and flowers. Strains 
were found with large and small seed 
capsules, and with large and small seeds. 
It was further noted that the earlier the 
strain, the closer to the ground the first 
flowering node was located; in the late 
strains, however, flowering began on the 
upper nodes. 

The variations in strains within a par- 
ticular variety might provide^ means of 
improving the plant for fiber purposes 
by selection in the field for one or two of 
the most obviously worthwhile charac- 
ters, such as height of the first capsule 
and length of the stem. Some of the 
characters which an ideal fiber plant 
should possess are long thin stems, no 
branches, rapidity of growth and high 
fiber percentage with uniform length 
and strength. As this species is natu- 
rally self-pollinated, progress in breed- 
ing should be rapid and easy. 

■ Cytogenetics 

Prom the small amount o^xisting in- 
formation there appears tcra|p consider- 
able disagreement regarding the chromo- 
some complement of Hibiscus canna- 
binus. Some authors report the species 
to be a diploid, whereas others have 
found it to be a tetraploid. Ford (20) 
offers the explanation that possibly H. 
cmnabvnus may be composed of diploid 
and tetraploid races, as is its close rela- 
tive H. esculentiu, reported by Skovsted 
(44). The f Conner and Narasinga Bao 
(37) found the cht^ioaome complement 
of kenaf to be 2n • whereas tihe latter 
and Bredavetz et d. (5) found it to be 
2«.=36. , 

All crosses betweeii.the varieties and 


geographical races of Hibiscus canna- 
binus belong to the type of “congruent” 
crosses and are successful (31). From 
a study made by Medvedeva (31), the 
following data were obtained; 


Plant material 

2nc: 

jBT. cannahinus 


var. purpureua 1 

36 

var. ruber 

36 

var. viridis 

36 

var. vulgaris 

36 

var. simplex 

36 

H» Sabdariffa 


var. altissima 

72 


By treating the apical meristems of 
young diploid (2« = 36) kenaf plants 
with colchicine solution or with mor- 
phaline-colehieine emulsion, tetraploid 
(2«' = 72) plants of the species were ob- 
tained (2). It was observed that the 
diploid and tetraploid plants resembled 
each other closely, but the latter sli^i^d 
a higher percentage of poll^ sterility 
and had broader and thicker leaves. The 
offspring of diploid and tetraploid plants 
possessed about the same rate of growth. 
The theory was advanced that fibers of 
induced tetraploids may have greater 
length and diameter than those of the 
diploids from which they have been ob- 
tained (2). 

Anatomical Portion of Plant Used 
for Fiber 

The fiber obtained from the stems of 
Hibiscus cannabinus varies from five to 
ten feet in length (15). Each filamen- 
tous strand of fiber is composed of cells, 
their ends overlapping, which vary con- 
siderably in size but average about five 
millimeters long and 20 microns wide. 
These cells form collectively the princi- 
pal part of the bast layer which gives 
strength and flexibility to the stem. 
This layer is the innermost portion of 
the bark and is located immediately out- 
side the central woody cylinder and thin 
cambial layer. 




Fio* 5 {Upper), 15-day-old kenaf in foreground; 100-day-old plants in background, ready 
for harvesting. Pio. 6 (Lower ) . The author examining kenaf fiber decorticated by a ^ * Krupp ^ * 
machine ordinarily used for henequen leaves. 
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Climatic, Photoperiodic and Soil 
Requirements 

Renaf is capable of adapting itself to 
a large variety of climatic and soil con- 
ditions (6), although, since it is sensitive 
to frost, it is best grown in tropical and 
subtropical locations. Early maturing 
strains (3) have been selected so that the 
plant can be grown under the conditions 
existing in central Asia. Extensive ex- 
periments (48) have proved that the 
northern limit of the plant is 45® north 
latitude. Kenaf is not uncommon in the 
lower Himalayas up to an elevation of 
about 3,000 feet (4, 7, 50). Areas where 
the plant is to be grown should be free 
or protected from strong winds . (21, 53), 
since the growth is rapid and the plants 
get so tall that they cannot stand much 
wind. Extremely heavy rains are also 
dettimental in that they beat down the 
plants, and diflSculty in harvesting re- 
sults. 

Prom 20^ to 25 inches of rainfall over 
a period of- four to five months is essen- 
tial for the successful production of 
kenaf fiber (11, 26), this amount being 
less than is necessary for jute (18, 32). 
The wet period should be followed by a 
dry one in order that the fiber, after 
being extracted from the plant, may be 
dried and bleached in the sun. Although 
mechanical drying may, in |he future, 
eliminate the necessity for ^n-drying 
of the fiber, nevertheless, a dry period 
following the rainy season is necessary 
for the production of seed for successive 
crops of fiber. If rains occur during 
the time of seed maturation, the seeds 
germinate in the capsules before they 
can be harvested. 

Along with the special requirement 
of climate, there is another factor which 
is of prime importance, inasmuch as the 
kmiaf plant is i^toperiodic and is in- 
flueneed markedly by changes in length 
of the daily light period. This plant 
will not flower in Cuba (12), for ex- 
ample, until the length of the daily light 


period is shortened to approximately 12^ 
hours or less. A 12^-hour day length 
does not occur at that latitude (23° 
North) until the first part of September. 
Regardless of the time of planting, 
throughout the months from April to 
August, consequently, blossoming will 
not take place until September or Octo- 
ber. This phenomenon in relation to 
time of planting for fiber and seed pro- 
duction will be discussed later in this 
paper. 

A well-drained, sandy-loam soil, about 
neutral in reaction, with a considerable 
quantity of humus, appears to best meet 
the requirements of kenaf. On poorly 
drained soils the plant is seriously 
stunted and usually dies before produc- 
ing fiowers and seeds. Howard and 
Howard (27) pointed out that in certain 
sections of India kenaf is grown as a 
border crop on the edges of the fields 
where the soil is slightly raised and bet- 
ter drained than in the rest of the field. 
Use of light sandy soils for the produc- 
tion of kenaf is not recommended (21, 
53), as plants growing in such soils 
bloom somewhat earlier, are short, and 
consequently give low yields of fiber. 
Since kenaf is very susceptible to nema- 
todes, Heterodera spp., soils containing 
these organisms should be avoided. 

Cultural Requirements 

Kenaf responds well to good soil 
preparation (21, 27, 53). The soil 
should be deeply and thoroughly worked 
in order to provide a good medium for 
.seed germination and to insure proper 
soil aeration for the seedlings that fol- 
low. Hard-pan layers close to the sur- 
face should be guarded against, since 
this condition retards growth and con- 
sequently reduces yields. Good soil 
preparation and cultivation are essential 
to the development of the plant because 
of its characteristic type of root system. 
Work in Ixidia (28) has shown that the 
tap root of kenaf grows comparatively 
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deep in the soil, and the development of 
laterals is not concentrated near the soil 
surface. Every effort should be made to 
insure a uniform germination of the 
seed and particularly an even stand of 
plants, so that there will be uniformity 
in the size of the stalks at harvest time. 

A considerable quantity of humus in 
the soil is important for grood produc- 
tion, and this can be supplied either in 
the form of manure or as green-manure 
crops (14, 26), both of which greatly 
stimulate the growth of Hibiscus canna- 
binus. Crotalaria anagyroides H.B.K., 
C. usaramoensis Baker, C. juncea L. and 
Mimosa invisa Mart, have been use<l suc- 
cessfully as green-manure crops. In 
Java (14) increases in fiber yields up to 
50% have been obtained by using M. 
invisa supplemented with ammonium 
sulfate at the rate of 1,300 pounds per 
hectare (about 2.5 acres). 

Time of Planting. Recommendations 
in the literature regarding time and rate 
of planting for fiber and seed are some- 
what confusing, if not contradictory; 
but the discrepancies are the result of 
wide differences in environmental con- 
ditions and cultural methods employed 
in the various locations where the inves- 
tigations were conducted. In view of 
the fact that the kenaf plant is ex- 
tremely sensitive to changes in length of 
day, it is easily understood that the best 
time for planting in a location of a given 
latitude might not be successful in an- 
other location of a different latitude. 
Then again, the most suitable time of 
planting for fiber in one location might 
possibly be the best time of planting for 
seed production in another location, de- 
pending upon latitude. 

Knowing the photoperiodie response 
of kenaf to varying periods of daylight, 
together with knowledge of the season of 
rainfall for a particular region, recom- 
mendations may be made as to the best 
time to plant for fiber as well as for 
seed production. In the production of 


any bast fiber it is highly desirable to 
have long clean stems free of branches 
or fruiting stalks which interrupt the 
continuity of the fiber. Planting of 
kenaf, therefore, must be done at the 
time of year when the days are of 12 J 
hours duration or longer and remain 
that way over a period of three to four 
months. This is necessary in order to 
prevent flower bud initiation until after 
the plants reach a sufficient height to 
insure adequate yields of fiber per area 
of land. Using Cuba as an example, 
the days with 12i-hour day lengths or 



Fio. 7. Kenaf fiber as it comes from the 
decorticating machine. 


longer comprise the months of April 
through August. Fortunately this 
period also includes the major portion 
of the rainy season. Planting for fiber 
as late as the middle of July to the last 
of August, however, does not give the 
plants sufficient time to grow vegeta- 
tively before flowering begins, and the 
crop does not reach ample height to pro- 
duce profitable yields of fiber (13, 49). 
Planting as early as the first of April 
in some years would not be possible in 
Cuba, due to the fact that the rains 
might not begin until sometime in May. 
Therefore, plantings for fiber may be 
made from the beginning of the rainy 
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season (April or May, depending upon 
local conditions) until the middle of 
July. Larger yields of fiber will be ob- 
tained from plantings made during the 
first part of this period than from plant- 
ings made later (13). 

As the r^y season in Cuba generally 
ends about the last of October and as the 
day length is short enough to induce 
flowering during the months of Septem- 
ber and October, the most reasonable 
time of planting for|^d production is 
during the months of July and August. 
Higher yields of seed per plant have 
been obtained from July plantings than 
from August plantings (11). Planting 
in July, however, allows for approxi- 
mately two months of vegetative devel- 
opment before flowering takes place; 
and, as a result, the bottom five- or six- 
foot portions of the stems are barren and 
contain no seed capsules. As plantings 
are made progressively later in the sea- 
son, the portion of the stem which is 
barren becomes progressively smaller, 
but at the same time seed yields also 
decrease, due to the fact that the plants 
have a shorter period for development. 
If mechanical seed harvesting is to be 
used in the future, planting can be done 
any time during the months of July and 
August, depending upon the require- 
ments of the machine and the nature of 
the plant material with which it will 
work to best advantage. 

Distance of Planting. In general, 
the rather wide discrepancies in the lit- 
erature with regard to proper distance 
of planting for fiber and seed production 
are the result, primarily, of the use of 
soils which varied considerably in fertil- 
ity. For fiber production in Egypt (18) 
the seed is sown in hills eight inches 
apart, six seeds per hill, in ridges 21 
inches apart. About ^ pounds of seed 
per acre are required^sing this method. 
After the seedling^ave reached suflS- 
cient size, they are thinned to two or 
three per hill, according to the fertility 


of the soil. In Bhodesia (47) kenaf is 
sown by drilling in rows nine inches 
apart at the rate of 30 pounds per acre. 

Workers in Java (14, 21, 32, 53) gen- 
erally agree that the plants should be 
spaced six by six inches on the square, 
necessitating the use of from 13 to 18 
pounds of seed per acre. Depth of 
planting is about one-half inch. 

Recent work in Cuba (13) and El 
Salvador (49) has shown that the soils 
in those countries apparently can sup- 
port a larger number of plants per unit 
area than soils in Java and some other 
parts of the world. Larger yields of; 
fiber were obtained in Cuba from plant- 
ings made eight inches between rows and 
approximately two inches between 
plants in the row than from plantings 
with 16 and 24 inches between rows. 
This planting distance is equivalent to 
drilling the seed in eight-inch rows at 
the rate of 30 to 35 pounds of seed per 
acre. A somewhat larger area per plant 
is needed in El Salvador, as experiments 
there have shown that larger yields of 
fiber were obtained from plantings 
spaced two inches between plants in 
rows 12 inches apart than from several 
other pijitrting distances tried (49). 
Plantin^iby broadcasting at the rate of 
38 pounds per acre has given good re- 
sults; but, since a uniform stand of 
plants is particularly desirable, this 
method should be used with caution 
(53). 

Since kenaf is harvested for fiber 
when the plants begin to bloom, a sepa- 
rate planting for seed is necessary for 
subsequent fiber crops. At fiber-harvest- 
ing time the custom has been, in many 
places, to merely leave uncut a portion 
of the field as a source of seed. This 
practice is not recommended, however, 
for two reasons. First, harvesting seed 
from a planting originally intended for 
fiber is difficult and costly. A fiber 
planting, if planted at the right time, 
grows vegetatively for a period of three 
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to four months before flowering begins. 
At blossoming time the plants may be 
nine to 12 feet tall, and the seed crop is 
borne on growth made subsequent to the 
initiation of blooming. At seed-harvest- 
ing time, therefore, the plants may have 
a total height of from 11 to 14 feet with, 
perhaps, the top two or three feet bear- 
ing seed capsules. Harvesting plant 
material such as this with a combine 
would be impossible. If, on the other 
hand, a separate seed plot is maintained, 
the time of planting can be adjusted 
so that plants of the desired height can 
be had at harvest time, with seed cap- 
sules at every node other than the basal 
foot or so of the stalk. In other words, 
depending upon the requirements of the 
harvesting machine used, the nature of 
the plant material with which the 
machine will work to best advantage can 
be controlled by the time of planting. 

Using a portion of a planting origi- 
nally intended for fiber as a source of 
seed is not desirable, secondly, for the 
reason that much lower yields of seed 
are obtained than from a planting made 
at the proper time and having a plant- 
ing distance specifically for seed produc- 
tion. In previous discussion it was 
brought out how a plant with seed cap- 
sules borne practically the entire length 
of the stem, as compared with one hav- 
ing only from two to three feet of bear- 
ing surface, may be obtained by planting 
at a given time. 

In Brazil (39) the planting distance 
used for seed production depends upon 
the method of seeding employed. When 
planting is done by hand, three seeds 
are dropped in each hill, 12 x 12 inches. 
However, when mechanical seeders are 
used, planting is done in continuous 
rows with a distance between rows of 
eight to 12 inches. Planting at this dis- 
tance resulted in yields of only 180 
pounds of seed per acre. 

Choussy (8) states that in B1 Salvador 
kenaf for seed production should be 


planted between the middle of August 
and the last of September with 32 inches 
between rows and about 10 inches be- 
tween plants in the row. Under normal 
conditions in El Salvador and in plant- 
ings which are well eared for, Choussy 
estimates the seed yield to be from 700 
to 800 pounds per acre, 

Dekker (14) in Java reports the plant- 
ing distance used in that country to be 
30 to 40 inches on a square, but no men- 
tion of yields is made from plantings of 
this nature. 

Under Cuban conditions (11) 1,527 
pounds of seed were obtained from a 
planting made late in August, using 20 
inches between rows with one and a half 
inches between plants in the row. In 
comparison, plantings made 20 x 12, 
24 X 14, 30 X 15 and 30 x 30 inches be- 
tween hills yielded 597, 532, 371 and 343 
pounds of seed per acre, respectively. 
It was pointed out that much larger 
yields of seed can be produced by plant- 
ing in continuous rows 20 to 24 inches 
apart than by planting in hills at various 
distances. This planting method is read- 
ily adaptable to mechanization, as 12- 
row grain drills with eight inches be- 
tween drills are already being used in 
Cuba in sowing kenaf for fiber produc- 
tion. In using these machines in plant- 
ing for seed production, four rows, 24 
inches apart, can be planted at a time 
by closing off the remaining drills. 

Methods and Time of Harvesting. 
By planting in eight-inch drill rows, no 
cultivation or other care is required from 
the time of seeding to harvest. Kenaf 
is such a rank grower that it soon shades 
out weed competition. For seed produc- 
tion, where the rows are spaced farther 
apart, one or two cultivations may be 
necessary, depending upon seed bed 
preparation and weed population. 

In harvesting, the custom has been to 
cut the plants by hand at ground level 
or to pull them up by the roots (6, 21, 
43, 53). With one of the cut stalks used 



344 


ECONOMIC BOTANY 


as a string, the plants are tied into 
bundles, after which the tops with leaves 
are cut off. The slow and “tedious process 
of harvesting kenaf by hand in this 
hemisphere is impraeticaL and uneco- 
nomical because of the comparatively 
high wage .yates. This problem has been 
solved, however, as a result of recent ex- 
perimentation in Cuba (13). Mechani- 
cal harvesting investigations on a com- 
mercial scale. Using a modified hemp 
harvester-binder, demonstrated that a 
crop of kenaf planted in eight-inch drill 
rows and which had grown to a height 
of 10 to 12 feet could be cut and bundled 
at the rate of an acre per hour. 

Although some writers report to the 
contrary (14, 26, 43), the highest quality 
fiber is obtained when keUaf is harvested 
during the flowering period (18, 23, 50). 
As the percentage of fiber in the stem 
gradually increases until the time of 
flowering and then remains approxi- 
mately the same (12), harvesting the 
plants either before or after this time 
would not be advisable. If done before 
flowering, lower yields of fiber are ob- 
tained, and if done after flowering, the 
flber is of poorer quality (22, 50) . With 
an increase in age of the plant, there 
appears to be an increase in coarseness 
and a decrease in lustre of the fiber. 
With the first formation of seed capsules 
on the stem, the fiber adheres to the pith 
more firmly than fiber in plants har- 
vested earlier. It is generally agreed, 
therefore, that kenaf for fiber should be 
harvested during the flowering stage in 
order to obtain best results as far as 
yield and separation of the fiber from 
the stem is concerned. 

Since the seed of kenaf matures pro- 
gressively from the lower toward the 
upper portion of the plant, the best time 
for seed-harvesting, when done by hand, 
is when the seeds at the lower and mid- 
dle portion of the bearing area are fully 
mature. The common method of har- 
vesting kenaf for seed is to ciit the plants 


by hand at the stage just mentioned and 
to shock them in the field for several 
days, so that seed at the top portion will 
have' time to mature and cure before 
threshing. If harvesting by hand is de- 
layed until all the seed capsules on the 
plant have reached maturity, then con- 
siderable seed is lost by shattering, espe- 
cially from the lower portion of the seed 
bearing area. To thresh kenaf, the dried 
plants have usually been placed between 
large pieces of canvas and then beaten 
or flailed with long poles, after which 
the seed has been cleaned by winnow- 
ing. In Cuba and Honduras some 
threshing success has been achieved by 
running the dried plants through a fice 
thresher, and in El Salvador a coffee- 
threshing machine has been used for this 
purpose. It is expected that experimen- 
tal trials to be conducted in Cuba this 
season will show the practicability of 
harvesting kenaf seed entirely by me- 
chanical means. Since seed ripened on 
the plant before harvesting has proven 
to be better than that ripened in the 
shock (42), harvesting by combine would 
be desirable in that such a procedure* 
would allow for seed-ripening oh the 
plant. 

Fiber Extraction 

There are various ways to extract the 
fiber from kenaf stalks, all of which in- 
volve retting in water, except, of course, 
when power-driven decorticating ma- 
chines are used. After the bundled 
plants have dried for two or three days 
in the field (26, 53), they are taken to 
a pond, irrigation ditch or retting tank 
and submerged in water. The length of 
the retting period, as reported in the 
literature, varies considerably from five 
to 22 days (6, 32, 40). This variation is 
caused, no doubt, by the greatly diver- 
gent environmental conditions under 
which the plants are grown, the differ- 
ing stages of maturity of the plants at 
the time of harvesting, the different 
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kinds and temperatures of the retting 
water used, and the many other differing 
interrelationships that are not consid- 
ered or controlled. The retting process 
is complete when the bark separates 
easily from the central woody cylinder 
and the fiber washes clean. At this stage 
the bundles of stalks are broken open 
and the fiber is stripped and cleaned by 
hand, after which it is dried in the sun. 
A skilled worker cannot strip more than 
80 to 100 pounds of dry clean fiber in 
a day. 

In El Salvador the cleaning process 
has been modified somewhat so that it is 
very similar to the method used in the 
United States for cleaning flax fiber. 
When the bundles of stalks are removed 
from the retting tank, they are shocked 
and left to dry in the sun. They are 
then passed between fluted rollers that 
i*evolve one above the other in opposite 
directions. This breaks up the central 
woody cylinder into little pieces. The 
material is then run through a beating 
machine which separates the wood from 
the fiber, leaving it quite silky and clean. 

Large henequen — (Agave faurcroydes 
Lem.) — decorticating machines have 
been used successfully in (hiba to process 
kenaf. With the use of this machine the 
bundles of kenaf are brought directly 
from the field when harvested and put 
through the decorticator. The central 
woody cjdinder, water and waste mate- 
rial from the plant are scraped away, 
leaving the clean fiber which is then 
dried in the sun for a day. The per- 
centage of fiber varies with the age of 
the plant, but at the time of flowering 
the fiber comprises between 5% and 6% 
of the green weight of the stalks (13). 

The capacity of the henequen-decorti- 
eating machine has been estimated at 
approximately 1,500 pounds of dried 
fiber an hour, which would require the 
stalks normally produced from about 
three-fourths of an acre. Consequently, 
to keep one machine in operation would 


require cultivation of kenaf on a large 
scale in order to be commercially prac- 
tical. Experimental tests indicate, how- 
ever, that the henequen-decorticating 
machine has promising possibilities for 
processing kenaf, and, since the harvest- 
ing is of short duration each year, the 
production of kenaf could well be 
worked into the henequen program. 

Fiber Yield ' 

The yield of fiber from Hibiscus can- 
nahinus, as one would expect, is greatly 
divergent, depending upon the environ- 
ment in which the crop is grown, the 
cultural methods employed, the condi- 
tions under which the stalks are retted 
or processed by machine, and other re- 
lated factors. 

Horst (26), in a study to determine 
the percentage of fiber in plants har- 
vested at different growth stages and 
also the percentage of fiber in thick as 
compared with thin stems, found that 
in plants which were harvested to green 
(97 days after planting), a yield of 1.6% 
to 2% of fiber was obtained. When the 
plants Avere harvested at seed maturity, 
however, the yield of fiber amounted to 
6.4 Vr. lie noted that the yield of high 
quality fiber was between these two fig- 
ures, probably at 4% or 4.5%. The re- 
sults of investigations in Cuba (13), on 
the percentage of fiber in different aged 
stems, show’ed a close parallel to data 
Horst obtained in JaA'a. The percentage 
of fiber in tlie green defoliated stems 
inci-eased from a low of approximately 
2% when the plants AA^ere 40 days old to 
a high of slightly OA’er 7% when the 
plants were 154 days old. 

Fiber yields in India are reported to 
vary from 1,561 to 6,245 pounds per 
acre; in Senegal from 1,560 to 1,784 
pounds per acre; Avhile in Egypt aA^r- 
age yields of about 3,123 pounds per 
acre are obtained (32, 40). In Nigeria 
(29) and Rhodesia (47) kenaf plantings 
on rich soils Avere reported to give a yield 
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of between 1,100 and 1,300 pounds of 
fiber per acre. In Cuba, by planting in 
eight-inch drill rows at the rate of 30 
pounds of seed per acre, a planting made 
the first of May at the beginning of the 
rainy season yielded 5,805 pounds of dry 
clean fiber per acre (13). Plantings 
made at the same time in El Salvador, 
using a distanceui||^2 inches between 
rows and twp inciv between plants in 
the row, yielded only 1,224 pounds of 
fiber per acre. Prom these figures it 
must be concluded that the proper dis- 
tance of planting and the subsequent 
yield of fiber are' primarily dependent 
upon the fertility of the soil used in the 
production of kenaf . 

The response of kenaf to the, cultural 
methods discussed here exemplifies the 
possibility of producing this crop en- 
tirely by mechanical means. The com- 
paratively high cost of labor in this 
hemisphere makes hand labor uneco- 
nomical, and mechanical seeders, har- 
vesters and decorticators, therefore, will 
have to be relied upon if kenaf is to 
compete with jute fiber from India, a 
crop which is produced almost entirely 
by hand labor. 

Disease and Insect Pests 

In Java, Muller and van Eek (35, 36) 
report that the diseases which attack 
Hibiscus cannabmus are foot-rots wj^h 
generally result in the death of the plant, 
and stem and leaf diseases which are of 
much less importance. Foot-rots are 
caused by Pythium pernidosum Serb., 
Bhizoctonia solani Kuehn, Sclerotium 
rolfsii Sace. and Phytopht^ora parasitica 
Dast. The foot-rot caused b^ the last 
mentioned organism, &ccq|||||i[^ to these 
writers, is the most seriowrofeease. It 
is described as a black basal rot, gradu- 
ally merging into the sound tissue by 
wi^r of an ill-defined water-soaked zone, 
and extending upward to a height, in 
severe cases, of three feet above ground 
level. In both these respects, according 


to Muller and van Bek (36), the Phy- 
tophthora rot differs from those due to 
B. solam and 8. rolfsii; the discolora- 
tions induced are sharply differentiated 
from the healthy areas, and the height 
attained by the decay does not exceed 
two inches. Prophylactic measures 
should include soil sanitation, especially 
on sites of previous infection and around 
inlets of irrigation water. 

Root knot nematodes, Heterodera radi~ 
ciola, have been observed to be abun- 
dant in some plantings in Java (24). 
Likewise, the writer has seen consider- 
able damage as a result of this pest in 
kenaf plantings in Cuba and El Salva- 
dor. Growth of infested plants is some- 
what stunted and the leaves drop at or 
during the blossoming period. A rota- 
tion of crops, using one or more resis- 
tant types between 'successive plantings 
of kenaf, has proven to be an effective 
method of combating this pest. 

Stem and leaf diseases of kenaf are of 
no great economic importance (36). 
Phoma sabda/riffae Sace. and Cylindro- 
cladmm scoparium Morg. cause some 
foliar spotting, sometimes accompanied 
by top rot, and local necrotic lesions on 
the stem cortex are produced by Fu- 
sarium sarcochroum (Desm.) Sace., F. 
coerulmm (Lib.) Sace. and Diplodia 
spp. 

The only reference to insect pests of 
Hibiscus cannabinm which might cause 
some damage, especially to plantings 
grown for seed, is one made by Zegers 
Ryser (53). He states that Dysdercus 
cmgulatus Fab. causes some loss by bor- 
ing through the calyx and consuming the 
milky contents of the young seeds. No 
control for this insect is suggested except 
that the infested capsules should be re- 
moved and burned. 

Characteristics and Uses of Kenaf 
Fiber and Seed 

Kenaf fiber can be employed for the 
same purposes for which jute fiber is 
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used (15, 21, 26, 51). Several writers 
(16, 25, 27, 34, 50) agree that it is suit- 
able for making coarse gunny cloth or 
sacking material, ropes and cordage of 
all kinds, fishing nets, floor matting, rug 
backing, etc. In some parts of India 
(16) the dry stalks of kenaf are split, 
tipped with a preparation of sulfur, and 
used as matches. 

The ultimate fibers (single prosenehy- 
matous cells of the bast), according to 
Biswis (4), vary from one and a half to 
four millimeters in length and are 12 
microns in width at the middle. The 
thickness of the wall is four microns and 
the lumen is four microns broad. Biswis 
further states that the roughness and 
coarseness of the fiber are due to the 
nature of the encrusting substance, lig- 
nin. He found that the lignin is not 
entirely spread over the fiber, as it is in 
jute, which accounts for the difference 
in smoothness between the two fibers. 
In an experiment in which samples of 
kenaf and Bengal- jute were exposed two 
hours to steam at two atmospheres, fol- 
lowed by boiling in water three hours 
and again steamed four hours, the kenaf 
fibers lost 3.6% by weight, whereas the 
jute fibers lost 21.4%. He concluded 
that the kenaf fibers were tougher and 
stronger than jute because of the natiire 
of the lignifieation. 

Norman (38) states that the better 
known commercial fibers fall into two 
well-defined groups, one having only 
small amounts of xylan in the fiber cel- 
lulose, and the other having considerably 
more. The so-called fine fibers, such as 
flax and ramie, according to Norman, 
fall into the first group, whereas the 
coarser fibers, such as jute and kenaf, 
must be included in the second. In his 
study he found that kenaf fiber contained 
approximately half as much lignin as 
jute, 5.9% and 11.5%, respectively. 
Otherwise the two fibers were not very 
different in chemical composition. 

In a study of Hibiscus fibers, Arno 


and Borschtschowa (1) found that two 
types of fibers exist in the stem of the 
plant, primary and secondary. They 
state that the division of 1;he outer bast 
cylinder (the primary fibers) from the 
inner cylinder (the secondary fibers) is 
easily distinguished, since there are no 
anastomosing fiber bundles between the 
two cylinders. The primary fibers dis- 
tinguish themselves from the secondary 
fibers by being firmer and more tightly 
packed together, by being glossier, more 
flexible, and by exhibiting other differ- 
ences when used in the manufacturing 
processes. According to these authors, 
the differences in the two types of fiber 
are due to the origin of the fibers. The 
primary fibers (the first bast cylinder) 
appear to originate from the terminal 
meristem, or the vegetative point, 
wdiereas the secondary fibers arise from 
the cambium. The percentage of pri- 
mary and secondary fibers in a given 
plant varies according to its height, but, 
on the average, there is about 38% pri- 
mary fiber and 65% secondary fiber. 
With a decrease in stem thickness, an 
increase in the percentage of primary 
fiber was noted, whereas, on the con- 
trary, wdth an increase in stem thickness, 
the percentage of primary fiber de- 
creased. As far as spinning qualities are 
concerned, Arno and Borschtschowa pre- 
ferred the early ripening varieties of 
II. canncihinus. since they were found to 
contain 56% primary fiber and 44% sec- 
ondary fiber. 

Kenaf seed yields up to 20% oil by 
weight of the seed, depending upon the 
extraction method used (29, 30, 32). It 
is stated that the oil is nonsiccative and, 
when refined, may be used for salads and 
cooking purposes. The oil, generally 
speaking, has about the same uses as cot- 
ton seed oil for w’hich it could substitute 
with the advantage of having a some- 
what milder odor (30). The residual 
cake may be utilized as cattle or poultry 
feed (29, 30, 32). 
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Summary 

Kenaf, Hibiscus cornnabmus L., is an 
aimual or under some eoriditions a peren- 
nial plant belonging to the family Mal- 
vaceae. It is cultivated in many coun- 
tries throughout the world for its bast 
fibers which are similar in chemical com- 
position and physical properties to Jute 
fiber pf Corchorus capsidaris. Five 
varieties, comprising eight distinct types, 
were selected and named in India several 
years ago. These five varieties, which 
appear to be representatives of the types 
of H. cannahinus grown in Persia, Rus- 
sia, Cuba, Central America and other 
parts of the world, exhibit rather wide 
differences in the length of their growth 
period, in their habit of growth, and 
other peculiarities that' are closely re- 
lated to the length of the vegetative 
period. 

Although kenaf appears to be adapted 
to ■wide variations in climatic and soil 
conditions, a well-drained, sandy loam 
soil, with a considerable quantity of 
humus, appears to best meet the require- 
ments of the plant. From 20 to 25 
inches of rainfall over a period of four 
to five months is essential to the success- 
ful production of kenaf fiber. Likewise 
for fiber production the length of the 
daily light period during the rainy sea- 
son when the crop is grown should be 
of 12i hours duration or longer in order 
to prevent flower bud initiation and 
subsequent blossoming until after the 
plants have reached a sufficient height to 
insure profitable yields of fiber. 

For maximum yield of fiber per unit 
area of land, kena^ should be planted at 
the beginning of the rainy season. It is 
best planted by drilling in rows from 
eight to 12 inches apart, depending upon 
the fertility of the soil, at the rate of 
30 to 35 pounds of seed per acre. For 
the production of seed, planting should 
be dme from four to eight weeks before 
the length of the daily light period he- 
eomes i^rter than 12i hours. It is 


recommended that planting for seed pro- 
duction be done by drilling in rows 20 
to 24 inches apart with two or three 
inches between jdants in the row. 

For highest quality fiber, harvesting 
is done shortly after the plants begin to 
bloom. The fiber, which is composed of 
cells forming collectively the principal 
part of the bast layer, or the layer which 
composes the innermost portion of the 
bark, is extracted by retting in water 
for several days or by large power- 
driven decorticating machines. Yields 
are variable, depending upon soil and 
environment, but generally a production 
of from 1,000 to 3,000 pounds of fiber 
are obtained per acre. A ton of seed 
may be obtained per acre if the proper 
cultural techniques are followed. 

Hibiscus cannabinus is subject to foot- 
rot and stem diseases, the former being 
the most serious. Very few insect pests 
have been reported as attacking this 
plant. 

Kenaf fiber may be employed in the 
manufacture of gunny cloth or sacking 
material, ropes and cordage of all kinds, 
fishing nets, floor matting, rug backing, 
etc. Kenaf seed yields up to 20% of oil 
which, when refined, may be used for 
salads and cooking purposes. 
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sioi cloth, 
coi^cb^ akot oakum. To 
, W waa grown 

e%;htcehth and eariy nine- 
|ie0ia^ ^nturkia, ti^it never more than a f rao- 
pi what wan needed. Cheaper foreign 
. liltliar lekiilt^d in ever increasing importations 
Europe and Asia until the maximum of 
tow was reached in 1889. By 1900 
competition from cotton and Manila hemp 
had reduced the American annual consump- 
tion of true hemp to less than 9,000 tons and 
mp04<ttions of it . to about 4,000 tons. In 
tile decade imports completely 

dkappearedi and by 1933 the lowest figure 
of 1^ than 50 tons of American grown fiber 
ware produced. In the years just before the 
ineent war this amount increased to about 
d®0 tons yearly. Only two areas in Wiscon- 
sin and Kentucky were pi^oducing the mate- 
^ rial in 1940. 

Then came World War II with increased 
demands for cotton and the loss of the Philip- 
pines, whence Manila hemp [Mitaa textUis] 
bad come. As a remedial measure, to aid in 
meeting the demand for all fibers, the Hemp 
Division of the Commodity Credit Corpora- 
tion of the U. S. Department of Agriculture 
was set up to revive domestic production of 
hemp fiber. 

Through this agency 42 mills at a cost of 
more than $100,000 each were erected in 
hemp-growing districts of the United States, 
principally in Iowa, Minnesota and Wiscon- 
sin; least in Illinois and Kentucky. They 
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obtained raw from farmem to 

whom seed was jhkI m.-H'Innery rented 
by the Federal I'liese growers 

had to be registered under the I'ederal Mari- 
huana Tax Act of 1937 and licensed under 
State laws. By 1944 only 17 of the 42 mills 
were operating, and in 1946 it was announced 
that they, too, would close. Conlrnets with 
growers expired at the end of that year. 

Hemp is an annual crop, requiring 80 to 
140 days from planting to harvesting, de- 
pending on moisture and temperature condi- 
tions. Only the stalks of staminate plants, 
which grow to ten feet in height, are used; 
pistillate plants are serviceable only as seed 
producers. The machine-harvested stalks are 
retted in the fields from two to eight weeks, 
during which time the fibers become loosened 
from the rest of the stalks. The material 
must then be stacked for winter curing, and 
the fiber later separated in the mill. Only 
20% of the straw is fiber. A modern mill 
with the services of about 80 employees can 
separate about 10,000 pounds of fiber per 
day, whereas in olden days, when much highly 
skilled hand labor was needed for all opera- 
tions, one skilled worker could prepare about 
250 pounds daily. Previous to the recent 
short-lived, government-sponsored boom, 
Kentucky was the principal hernp-producing 
State, furnishing 75% of the nation^s out- 
put; the remainder came from Wisconsin, 
Illinois, Nebraska, Missouri, Texas and Cali- 
fornia. (J. H. Garland, Eco. Geog, 22: 126. 
1946). 
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Sorghum — Its Production^ UtiUzalion and 
Breeding' 

A corn-like cereal grass which among its 400 known 
varieties produces broomcorn, the principal material 
used in the manufacture of brooms, and important 
edible grains of Africa and Asia — durra, kafir, milo, 
shallu, kaoliang, feterita and hegari. 

li. B. KARPBR AND J. R. QITINBY* 


Botany 

Sorghum, Sorghum vulgare Pers., is 
a large grass of many varieties, culti- 
vated throughout Africa atid grown ex- 
tensively also ill India, China, Man- 
churia and the United States of America. 
It is sown and harvested as well in Asia 
Minor, Iran, Turkestan, Korea, Japan, 
Australia, southern Europe, Central 
America, South America and some 
islands of the East and West Indies, 
and is generally distributed from the 
trimies to latitudes as high as 45 degrees. 

Sorghum was so named because of its 
height, from the Latin word “surgo” 
which means “arise”. In the United 
States, where the species was introduced, 
there are now 400 varieties, but less than 
50 of them are of commercial impor- 
tance. In Africa and Asia, where the 
species is indigenous, numerous other 
varieties exist. These varieties, even in- 
cluding Sudan grass (var. sudanenm 
(Piper) Hitch.), eross-pollinate readily 
and produce fertile offspring. Most of 
the differentiating characteristics are 
known to be genetic, and there is justi- 
fication to consider all varieties as be- 
longing to the same species. However, 

t Oontribution No. 1043 from tho Department 
of Agronomy, Texas Agricultural Experiment 
Station, College Station, Texas. Published with 
permission of tho Director. Received for pub- 
lication July 21, 1947. 

s Agronomist in charge of Sorghum Investi- 
gations, and Agronomist, ''respectively. 


the genetics of the differences that dis- 
tinguish such groups of varieties as the 
broomcorns (var. technicum (Koern.) 
Fiori & Paoli), kafirs (var. caffrorum 
(Retz.) Hubb. & Rehder), kaoliangs 
^ (var. nervosum (Hack.) Forbes & Hems- 
ley), milos (var. suhglabrescens (Steud.) 
A. F. Hill), shallus (var. Roxburghii 
(Hack.) Haines), sumacs (var. ango- 
lense (Rendle), etc. are not well tnider- 
stood. At least one notable attempt to 
classify some 3,000 forms into 31 species 
has been made in recent years. 

Johnson Grass and Sudan Grass. 
All varieties of S. vvlgwre are annuals, 
but some mention should be made of a 
closely related perennial sorghum, John- 
son grass, S. halapense (L.) Pers., that 
is a useful grass or a serious pest, de- 
pending upon whether it is of economic 
value under particular circumstances. 
Johnson grass resembles Sudan grass but 
is less robust and produces extensively 
creeping rhizomes. Since Johnson grass 
is difficult to eradicate, it becomes a 
troublesome weed when it invades culti- 
vated land. It has twice as many chro- 
mosomes as the other sorghums and 
crosses with them only rarely. Hybrids 
between the two species are partially 
sterile. Johnson grass, while undesir- 
able on cultivated land in the southern 
States, is an important forage grass and 
is cultivated in warm climates in both 
hemispheres. 
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Sudan grass is a grassy counterpart 
of the coarser sorghums. The stems are 
smaller, the leaves narro^ver and tiller- 
ing is more profuse than with- other 
sorghums. The grassy nature of Sudan 
grass also shows in its lax heads and 
long narrow glumes. 

Roots. '•The mature roots of sorghum 
are all adventitious, are fibrous and de- 
velop numerous laterals. The profuse 


floral parts and can resume growth after 
conditions again become favorable. 

Stems. The stems are erect and solid 
and grow in height from two to 15 fe^t. 
There is a lateral bud at each node. In 
some varieties, one, two or three of the 
lowermost buds develop into tillers, and 
this tillering is not considered undesir- 
able. However, development of lateral 
buds at the higher nodes, which results 



Pio. 1. “Sourlees”, a popular forage variety of sorghum, the vigorous growth of which 
results in yields of four tons of dry forage per acre. 


branching and wide distribution of the 
root system is one reason why the sor- 
^ums are so remarkedly drought-resis- 
tant, but other factors also contribute to 
the drought resistance of the species. 
The plant grows slowly until the root 
system is well established, and at matur- 
ity the roots supply a leaf area approxi- 
mately hslf that of corn. The plant can 
remain dormant durmg long periods of 
drought without death of the developing 


in side-branches that mature later than 
the main head, is objectionable. The 
length of the internodes determines the 
height of the plant, and. double-dwarf, 
dwarf and tall varieties with the same 
maturity have equal numbers of leaves, 
the difference in their stature being due 
entirely to intemode length and not to 
number of nodes. 

Leaves. The, leaves appear alter- 
imtely on the stem, and leaf sheaths aira 
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long and, in dwarf varieties, overlap. 
Varieties differ in leaf size, but all va- 
rieties have leaves somewhat smaller 
than those of corn, though similar in 
shape. Sorghum leaves inroll during 
periods of drought, and this character- 
istic contributes to the drought resis- 
tance of the species. 

Flowers. The inflorescence of sor- 
ghum is called a “head” and is com- 
pact except in Sudan grass, broomcorn, 
shallu ^nd a few sorgo varieties. The 
spikelets are of two kinds, sessil and 
pedicellate, the latW usually being 
staminate. Each sessil spikelet con- 
tains an ovary that develops into a seed 
after fertilization. The seeds are con- 
tained within glumes that cover them to 
a greater or less degree, and the glumes 
are usually black, red, brown or straw- 
colored. Sorghum flowers bloom during 
the early hours of the morning, and some 
reaction that takes place in darkness ap- 
pears to be necessary for flowering. A 
sorghum head may contain as many as 

6.000 florets whose anthers can produce 
up to 24,000,000 pollen grains. A pan- 
icle ordinarily blooms in five to seven 
days but consumes a longer time in cold 
weather. Sorghum is generally self -pol- 
linated, but there is no barrier to cross- 
fertilization. When varieties are grown 
adjacent to one another, cross-fertiliza- 
tion of 5% is common. Sorghum pollen 
germinates immediately after being shed 
and retains its vitality less than an hour. 
The stigmas, however, are receptive for 
several days. 

Grain. Sorghum grains are small in 
comparison to the grains of corn, and 

12.000 to 30,000 are needed to weigh a 
pound. The seed may be white, red, 
yellow or brown, and the colors result 
from genetic complexes that involve the 
pericarp and testa. A large part of the 
caryopsis is endosperm, made up almost 
wholly of starch. Certain layers of some 
seeds contain considerable amounts of 
tannin, and sorgo varieties usually pro- 
duce brown seeds of this sort. 


Origin. The sorghums are considereS 
to be of tropical origin. They are un- 
doubtedly native to Africa, and it is pos- 
sible that another center of origin may 
have occurred in Asia. 

Photoperiodism. Sorghum is a short- 
day species, and this means that ma- 
turity is hastened when the light period 
of the day is short and the dark period 
is long. However, a difference in sensi- 
tivity to length of day occurs, and some 
varieties, such as broomcorn, are rela- 
tively insensitive. Hegari and milo are, 
on the other hand, quite sensitive to 
photoperiod. The differences in matu- 
rity that are common among sorghum 
varieties are a result of a difference in 
sensitivity to photoperiod or to a differ- 
ence in critical photoperiod. Differences 
in response to photoperiod are genetic. 
Mutations have apparently taken place 
from time to time, and these have been 
used to extend cultivation of the species 
into higher latitudes. Insensitivity to 
photoperiod is apparently the result of 
thermal requirements, and so time of 
maturity in sorghum is influenced by 
both temperature and photoperiod. 

Genetics. Sorghum has ten haploid 
chromosomes, and considerable genetic 
work has been done with the species in 
the United States, in India and in South 
Africa during the last 25 years. The in- 
heritance of many genes is known, and 
four linkage groups, each involving more 
than three genes, have been reported. 

Production 

In the United States the acreage de- 
voted to sorghum grown for all purposes 
increased to 20 million acres during the 
war period. This acreage is about 
double that grown prior to 1930. About 
5% of it is devoted to the production of 
silage and about half the total acreage to 
the production of forage. In recent 
years almost half the acreage has been 
harvested for grain, and about two- 
thirds of the entire increase in acreage 
since 1930 has been devoted to sorghum 



Fi0. 2 (Upper), A iSeld of harvested Early Hegari sorghum, a variety that is valuable for 
both grain and forage. This crop has been cut with a row binder and the bundles shocked. 
After drying in the i^ook the crop will be hauled and stacked, to be fed later to livestock, usually 
cattle. Fxa. 3 (Center), A field of Plainsman sorghum that produced 35 bushels of grain per 
acre at Lubbock, Texas. The development of grain sorghum varieties of this dwarf stature has 
made this cereal of the Great Plains adapted to mass produetieii. Fio.. 4 (Lower), A Held of 
the Plainsman variety, grown under irrigation and ready to be harvested with a combine bar^ 
vest^. 
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for grain production. Production of 
sorghum for sirup employs about 200,- 
000 acres each year. Broomcorn occu- 
pies about 300,000 acres with concen- 
trated areas of production in Illinois, 
Oklahoma, Colorado, New Mexico and 
Texas. Although sorghum, ranking in 
money value about with barley, is not 
one of the major crops in the United 
States, it is an important crop in the 
areas where production is concentrated. 
The newest area of extensive grain pro- 
duction is the Coastal Bend region of 
southern Texas. Production is concen- 
trated in the Great Plains area from the 
Gulf to the Dakotas and in several in- 
terior valleys of Arizona and California. 
Sorghum is generally grown without 
irrigation except in Arizona. California 
and the South Plains area of Texas, but 
responds unusually well to irrigation. 
Where irrigation water is used, produc- 
tion is usually high, yields of 3,000 to 

5.000 pounds of grain to the acre being 
common. Yields of unirrigated grain 
sorghum vary from a few hundred to 

3.000 pounds. 

Within recent years there has been a 
profound change in sorghum production 
in the Ignited States that has been 
brought about because of the mechaniza- 
tion of the crop. This mechanization 
was possible because of certain inherited 
characteristics in the sorghum plant that 
were used by plant breeders to produce 
varieties of proper maturity and height 
so that they could be harvested with a 
combine harvester. 

Since the species thrives in warm 
weather and is quite resistant to drought, 
.sorghum is grrown mostly in areas of the 
world where rainfall is insufficient for 
corn production. 

Planting and Harvesting 

Sorghums are grown in the United 
States from the Gulf of Mexico to South 
Dakota and from sea level on the Gulf 
to elevations close to or above 5.000 feet 


in parts of Texas, New Mexico and Colo- 
rado. Planting can be done on the Gulf, 
Coast in late February, but is generally 
delayed until March or early April. The 
planting season progresses from south to 
north, and a favorable planting date in 
parts of Oklahoma or even further north 
is in July. Sorghums are grown, there- 
fore, in environments where the days are 
12 hours long and temperatures rela- 
tively low, in environments of 15-hour 

4 



TlO. 5. The use of hybrid rigor in sorghum 
awaits the solution of problems in the eco- 
nomical production of hybrid seed. Blackhull 
kafir and Day milo here appear on opposite sides 
of their first generation hybrid which has con- 
sistently produced 40% more grain than the 
varieties in general use. 

days with high temperatures, and in aU 
combinations of day length and tempera- 
ture between the extreme limits. The 
environment on the Gulf Coast some- 
what resembles that of Bombay Province 
in India where the “rabi” crop is 
grown during the winter months. The 
latitude in South Dakota is the same as 
that of Manchuria. India and Man- 
churia grow varieties of entirely differ- 
ent adaptation, but in the United States 
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some of the same varieties are being 
grown in southern Texas and in South 
"Dakota. This is possible because varie- 
ties that mature early regardless of en- 
vironment are being grown. In all prob- 
ability varieties that will fit into specific 
environments will be better adapted than 
varieties that are early maturing, re- 
gardless of environment, and breeding 
work based on this assumption is under 
way. 

Crops grown for forage, grain, sirup 
and broomcorn are almost invariably 
planted in cultivated rows. Harvesting 
of the grain, which at one time was done 
largely by hand, is now generally per- 
formed with a combine. The crop grown 
for forage is usually harvested with a 
row binder, the bundles shocked in the 
field until dry and then hauled and 
stacked. The silage crop may be har- 
vested with a row binder, but the use of 
field ensilage cutters is becoming more 
common. 

The production of sorgo or sweet sor- 
ghum for sirup-making extends from the 
Gulf States to Wisconsin and from New 
Mexico eastward. Sorgo sirup is most 
commonly grown to supply home needs, 
with the excm to be marketed, but there 
are a few commercial factories. The 
average production of sirup is approxi- 
mately 60 gallons per acre. The making 
of sirup from sorghum, whether done 
with the usual rather simple equipment 
found on farms or in a commercial fac- 
tory, consists essentially in crushing the 
juice from the stalks, removing impuri- 
ties from the juice and concentrating the 
juice by evaporation. The leaves are 
stripped from the green plants and the 
heads removed before the juice is ex- 
tracted. 

About two million acres a year are 
devoted to Sudan grass, most of which 
is raised as pastures for cattle, hogs and 
poultry. A small part of this acreage 
is used for seed and hay production. 
Sudan grass, except for the acreage har- 


vested for hay, is usually planted in cul- 
tivated rows. 

Sorghum grains are small, and small 
amounts of seed, usually two to ten 
pounds per acre, are used in planting. 
Seed production is unique in some ways. 
One thousand to two thousand fold in- 
creases in grain are common, and there- 
fore it is not difScult to maintain seed. 
However, numerous varieties exist, and, 
since there are different seed colors and 
plant heights and since cross-pollination 
occurs frequently, varieties must be well 
isolated or other ..precautions taken if 
varietal purity is to be maintained. Sor- 
ghums are susceptible to many diseases, 
but fortunately many of them can be 
controlled by a rather simple operation. 
A number of different smuts infect most 
varieties, but all of them can be con- 
trolled by proper seed treatment and in 
some eases by the use of resistant varie- 
ties. Since sorghum is grown almost en- 
tirely on an extensive scale and the acre 
value is not great, production is usually 
not attempted under conditions or in 
areas where foliage and other diseases 
limit it to any great extent. Sorghum 
becomes infected with most types of dis- 
eases that are common to other grasses, 
and usually control measures are not 
used. Where insects are extremely in- 
jurious, the crop is not grown. Insects 
that infest the grain are the common 
ones that give trouble with other cereals, 
and are controlled in the same manner 
as in corn and wheat. 

Sorghums are usually grown for grain 
only in areas where corn is not reliable 
because of high temperatures and lim- 
ited rainfall, or in corn-producing areas 
where planting must be done later in the 
season than is favorable for com pro- 
duction. 

Sorghum is susceptible to frost, and 
in the temperate zone is grown only as 
a warm- season annual. In tropical coun- 
tries, however, it is grown throughout 
the year but always as an annual. In 
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parts of India where frost does not 
occur, sorghum is raised throughout the 
year, but different varieties are used 
there in the different seasons. 

Utilization 

Sorghum has many uses throughout 
the world. Most of the crop produced 
in the United States will probably al- 
ways be used as livestock feed, but in 
certain parts of Africa and India sor- 
ghum is the most important human food. 
In some parts of Asia sorghum stalks 
serve as a substitute for wood as a fuel 
and are used in making baskets, furni- 
ture, mats, shelter and fences. Brooms 
made from broomcom, a sorghum in 
spite of its name, sweep floors through- 
out the world. In truck-growing regions 
of the United States, sorghum crops are 
plowed under to restore humus to the 
soil ; and in the semi-arid regions of the 
Great Plains sorghum is planted in nar- 
row strips and the stalks left standing 
to prevent soil erosion by the wind. And 
finally there is a definite tendency for 
increased use of sorghum grain in in- 
dustry, as we shall note later. 


ground parts of the plant, is fed mostly 
to cattle but also to horses and mules. 
Sorgo forage usually contains less than 
20% of grain by weight, but grain sor- 
ghum forage is usually about one-third 
grain. Sorghum forage contains slightly 
less digestible nutrients than com forage 
but is more palatable and can be fed with 
less loss. Dry sorghum forage contains 
slightly above 50% digestible nutrients 
which consist of 8% protein, 2,5% fat 
and 45% nitrogen-free extract. Prop- 
erly cured sorghum forage with a little 
protein supplement will maintain live- 
stock in good condition throughout the 
winter with little or no grain supple- 
ment. Shredded sorghum forage mixed 
with concentrates gives good results w’ith 
dairy cattle and, during the period of 
heavy feeding, with beef cattle. Shred- 
ding is done in “feed mills” on the farm 
and the practice is justified, since grind- 
ing the entire plant causes even the 
coarse stalks to be consumed. Sorghum 
stover, which is sorghum forage with the 
heads removed, is frequently used as a 
rough feed where only a maintenance 
ration is desired. Cattle will always be 


Six-year Anni’Al Aver.aqes or Acreage .and Prodt'ction of Sorghum in the United States 

1940-1945 



Acreage 

1,000 acres 

Acre production 

Total production 

Silage 

1,038 

6.09 tons 

6,317,600 tons 

Forage 

8,891 

1.49 tons 

13,221,209 tons 

Grain 

6,685 

17.0 bushels 

113,741,000 bushels 

Broomcorn . , 

277 

320 pounds 

44,549 tons 

Sirup 

192 

60 gallons 

11,574,000 gallons 


Livestock Feed. Sorghum silage is 
considered equal in value to corn silage, 
and the annual production in the United 
States varies between four and nine mil- 
lion tons on a green weight basis. Prac- 
tically all the silage produced is fed to 
cattle. Sorghum forage is harvested 
from an acreage about eight times as 
great as that harvested for silage, and the 
annual production of dry matter is usu- 
ally in excess of ten million tons. This 
forage, which consists of all the above- 


the predominant livestock in sorghum- 
growing regions, since they can make 
better use of rough feed such as sorghum 
fodder than sheep or swine. 

Sorghum grain is similar to corn but 
contains slightly more protein and 
slightly less fat. Sorghum grain can be 
substituted for com in almost all places 
where corn is used as livestock feed, and 
feeding results indicate that pound for 
pound the two grains have almost iden- 
tical value. Sorghum grain, unlike yel- 
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ture are commonplace. It is estimated 
that Sudan grass pastures occupy two 
million acres each year in the United 
States. 

Sudan grass, as well as other sor- 
ghums, is sometimes grown for hay. The 
hay is nutritious but it somewhat difS- 
cult to cure. 



Fig. 6 {Lefi)^ Becessive genes in sorghum may be used to great economic advantage. This 
strain^ centaiiiiug two recessive genes for height, can be combine-harvested i>ecause of its low stat- 
ure. Three other recessive genes produce tan plant color, white seed color and waxy endosperm. 
Fig. 7 (Eight). Stalks of the Early Hegari variety which is a popular dual service form, since it 
produces large yields of grain and nutritious stover. 

Sudan grass is an important pasture Human Food. It seems unlikely that 
crop in many areas of the United States sorghum grain will beeotne an important 
and fills an important need, since it part of the diet in the United States, but 
grows during the summer period when in a considerable part of India, China 
other sources of pasturage are scarce or and Africa it is the most important food, 
lacking. Dairymen make extensive use In Bombay Province 75% of the acreage 
of Su^n grass, and beef cattle gains of is devoted Jo the production of sorghum, 
2.6 pounds per day on Sudan grass pas- and the grain in Mme form is eaten at 


loM' corn, contains very little vitamin A. 
The chief use for sorghum grain is as 
feed for horses, mules, poultry, sheep, 
swine and cattle. The grain, which con- 
tains about 12% protein, 3% fat and 
70% carbohydrate, is not a balanced 
ration, andiprotein supplements must be 
added for best results. 
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each meal. The grain is ground each 
day in the home, otherwise the flour 
would become rancid on account of the 
embryo not being removed, and is made 
into flat, thin cake similar to the “tor- 
tilla” made from corn by the inhabitants 
of Mexico.' In India sorghum is con- 
sidered to be a more complete food than 
rice or wheat, but the reason for the be- 
lief is not very obvious. However, in 
South Africa the excellent health of the 
native Bantu children is often ascribed 
to the kafir mush that they eat. Kao- 
liang is an important human food in 
much of northern China. In the pioneer 
days of the American West, grain sor- 
ghum or “gyp corn”, u.sed as bread or 
porridge, frecpiently allowed a family to 
remain on the land after drought or 
otlier calamity had destroyed the wheat 
or coni crops. The use of sorghum for 
human food could be expanded greatly 
in the United States if the necessity 
arose, and formulas and recipes for 
using sorghum were published by several 
States ami the Federal government dur- 
ing the first world war. Breakfast foods 
in attractive forms can probably be pro- 
duced from sorghums. Pop sorghum is 
a desirable confection, and many other 
possible uses are easy to contemplate. A 
“sugary” gene similar to that which 
produces sweet corn occui*s in sorghum. 

A dessert, similar in ta.ste and quality 
to tapioca, is now being manufactured 
from a “waxy” type of sorghum starch. 
Importation of cassava from the East 
Indies ceased during dhe war, and im- 
portation from that area in the future 
is uncertain because of the need of cas- 
sava there as food. It seems likely that 
the growing of “waxy” sorghum varie- 
ties in the United States will continue 
and that 20 to 50 thousand acres will 
be devoted to this purpose. 

Numerous varieties of sorghum are 
grown for human food in India, and the 
“rabi” crop, grown in the season corre- 
sponding to late fall and winter in the 


temperate zone, is the most relished by 
humans and livestock as well. An ob- 
servation of sorghum grain received 
from India indicates that the grain is 
usually freer from spotting and similar 
injury than grain produced in America. 
Since little sorghum grain is consumed 
by humans in the United States no great 
effort has been made to select for grain 
quality. Unlike American grain varie- 
ties, which are short in stature, Indian 
varieties are almost invariably tall. In 
India where the acreage cultivated by 
each family is small and where fodder 
is an important consideration, no esteem 
is attached to dwarf stature. 

Sorghum sirup, of which more than 
12 million gallons is consumed annually 
in the United States, is used for both 
table and culinary purposes. Sorghum 
sirup is an important part of the diet 
of many low-income families in the 
southern States and is most frequently 
eaten with biscuits made from wheat 
flour or with corn bread and butter. 
The quality of the sirup varies with 
variety, and soil type also has a definite 
influence on quality. Light sandy soils 
produce the “mildest” and most desir- 
able sirup, but some hardy individuals 
like their sirup “strong”. 

Broomcorn Brooms. Broomcorn 
brush consists of the panicle that is har- 
vested when the seeds are in the milk 
stage. The seeds are removed in a sim- 
ple thresher, the brush is cured and then 
manufactured into brooms. Tall varie- 
ties produce the longest brush which 
makes the larger as well as the better 
quality brooms. Whisk brooms are made 
from a short statured variety that pro- 
duces short brush. The annual produc- 
tion of brooms in the United States is 
about 200 million. Broomcorn has been 
cultivated in Europe for 300 years and 
in the United States since Benjamin 
Franklin began its culture with seed.s 
plucked from an imported broom. 

Industrial Uses. In addition to its 
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use as livestock feed, sorghum grain can 
be utilized in industry alao in almost the 
same way as com, and such industrial 
use of it is increasing. It would be easy 
to over-emphasize the importance of this 
industrial use in view of the fact that a 
large parts of the crop will always be 
consumed by livestock and frequently on 
the farms where the crop will be pro- 
duced. However, an increasing propor- 
tion of the sorghum grain that enters 
commerce will be used industrially, and 
some mention of the possible industrial 
uses is justified.' Most of the sorghum 
grain that will be processed industrially 
will be for the production of starch, dex- 
trose, dextrose sirup, edible oil and by- 
products. A factory with a capacity of 
six million bushels annually is at present 
under construction at Corpus Christi, 
Texas, and will be in operation in 1948. 
The seed coat of the grain of certain 
varieties contains a valuable wax similar 
to camauba wax [from the leaves of a 
palm, Copermcia cerifera (Arr.) Mart.] 
imported from Brazil for use in furni- 
ture and shoe polishes. This wax con- 
stitutes about 1% of the grain and can 
be an important by-product of industrial 
processing when methods for its recov- 
ery are worked out. A waxy type of 
starch that has been mentioned previ- 
ously is produced by some varieties and 
is being used to replace cassava starch 
that was formerly imported for use in 
making tapioca, adhesives and as sizing 
for textiles. Alcohol is produced from 
sorghum grain in quantities quite com- 
parable to those obtained from wheat 
and com, and considerable sorghum 
grain was used for this purpose during 
the war. Sorghum has desirable malt- 
ing characteristics, and its use as brew- 
ers' grits is expanding. During the 
present world shortage of food, a certain 
amount of sorghum flour, usually not 
over 10%, is being added to wheat flour 
for shipment abroad to starving popula- 
tions. As has been mentioned previ- 


ously, almost any use to which corn can 
be put in industry can be duplicated 
with sorghum. 

Varieties 

Varieties of sorghum in the world ap- 
parently exist almost without number. 
Many of the varieties are kept in exist- 
ence in primitive communities and their 
culture is quite limited. On the other 
hand, vast acreages are devoted to single 
varieties in India, Manchuria, South 
Africa, Argentina and the United States. 
The innumerable varieties that exist in 
tropical regions will probably never be- 
come familiar to inhabitants of the tem- 
perate zones, since their heading is de- 
layed in high latitudes by the long days 
that occur there so that the grain fails 
to mature. 

In any particular region, however, it 
is possible to become reasonably familiar 
with the groups of varieties that have 
agricultural value and even to become 
somewhat acquainted with manj’ forms 
from other parts of the world. Except 
in areas of the world where large 
acreages are devoted to the production 
of grain for the commercial market, no 
value is placed on short stature and uni- 
form maturity. Most of the varieties 
that have been received from India, 
China, Turkestan and Central Africa 
are tall. Grain that is used for human 
food is generally without a brown testa 
and lacks a bro'wn pigment in the peri- 
carp that is associated with high tannin 
content. Kaoliang varieties, however, 
usually have seeds with a brown testa 
and a bro'wn pericarp. Kaoliang varie- 
ties are not, however, extremely high in 
tannin content. Varieties are classifled 
roughly into “grain” or “sweet”, and 
it is becoming a general practice in the 
United States to designate the grain va- 
rieties merely as “sorghums” and the 
sweet br saccharin varieties as “sorgos”. 
Most sorgos have brown seeds that are 
unpalatable, due to tannin content, and 



Waxy Oombiae kafir (upper), Waxy Combine milo (center) and O 
(lower) Thew varieties produce seeds that contain a waxy type of starch used in thp «,« 
facture of tapioca, formerly made from imported cassava. ““ 
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the grain of many do not thresh from A botanical description of sorghum 
the glumes. ^ varieties is not easy to accomplish, even 

The grain varieties frequently have a for the varieties cultivated in the United 
dry stalk that shows plainly, since the .States, primarily because they are so 
leaf midribs of such varieties are white. Wmerous but also because many of the 
Juicy-stalked varieties, including all of distinctions are agronomic. Identifica- 
the sorges and many grain types, have tion of varieties from grain and head 
leaves with opaque or translucent mid- samples is possible, and a classification 
ribs. The common variety of Sudan that makes use of length of panicle 
grass has dry stems, but the improved branches, presence or absence of the 
variety Sweet Sudan has juicy stems, testa, presence or absence of awns, grain 



Pig. 9. Plats of Standard and Dwarf broomcorn. In harvesting;, the tall variety is broken 
over with the plants from two rows forming a “table” about 4 feet high. The panicles are then 
cut from the stajks. Dwarf varieties are harvested by pulling the panicles from the stalk or cut- 
ting the peduncles just above the upper node of the stalk. 

All broomcom varieties have a dry stalk, color and glume color was published as 

but the stems of even the dry-stalked U.S.D.A. Technical Bulletin 506 in 1936. 

varieties contain some sugar. Mention will be made in the following 

There has been a drastic change in paragraphs of the important varieties in 

grain varieties during the last ten years the United States of the varioiis types 

in the United States but little change in and of the distinguishing characteristics 

sorgo varieties or in grain varieties that of the varieties. Several strains, usually 

are harvested almost entirely in the form of different maturities, exist of many of 

of forage. The change in grain varieties the varieties. 

has come about to allow harvesting with Sorgos. A list of the most important 
a combine. forage sorgos would include Sumac, 
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Sourless, Orange, Atlas, Honey and sev- 
eral Ambers. These varieties are mid- 
season in maturity with the exception 
of Honey which is late and the Ambers 
which are early. Sumac is readily dis- 
tinguished by its compact heads whose 
seed is dark reddish-brown. Sourless 
has less pericarp color than most other 
sorgos and the seeds are buff in color. 
There are a number of Orange strains 
that all differ slightly in ai)pearance, 
and the Kansas Orange strain has red 
glumes. Atlas, which came from a 
kafir X Sourless cross, has white seeds 
and looks much like a tall kafir but has 
sweeter stems. Honey is late in matu- 
rity, has light reddish glumes, and the 
seeds do not thresh from the glumes. 
Black and Red Ambers are early in ma- 
turity and have seeds that do not thresh 
from the glumes. The glumes of Red 
Amber are much darker red in color 
than those of Honey. 

Important sirup varieties are Hodo, 
Honey, Sapling, Gooseneck and Orange. 
Hodo is .so late in maturity that it can 
be grown only in the extreme southern 
portions of the United States. The seed 
of Hodo somewhat resemble those of 
Sourless. Honey, which has been men- 
tioned previously, is the most important 
sirup variety in much of the United 
States. Seed prodiiction of this variety 
is low, and sirup producers need to 
maintain their own seed supply or have 
knowledge of the source of their seed. 
There are several strains of Sapling. 
This variety makes sirup of good quality 
but has a tendency to “sugar”. Goose- 
neck is a late maturing variety whose 
peduncles recurve under certain condi- 
tions. This varietj’’ was more important 
in the past than at present because seed 
sources have almost disappeared. A 
number of strains of Orange ai# used 
for sirup-making, and Rox Orange is the 
variety used by one large commercial 
sirup-making company. Any of the 
sorgo varieties, of which there are a hun- 


dred or more grown in the United States, 
can be used to make sirup, but siruj) 
quality varies with each variety. 

During the expansion of the West 
after the Civil War, it was thought that 
sorghum might be a source of sugar. 
Much work w’as done by workers in the 
Department of Agriculture at Sterling, 
Kansas, and some promising varieties 
for sugar extraction were developed. 
Difficulties, that have now been over- 
come, prevented the early work from 
resulting in a sugar-producing indiistry 
using sorghum. At present the chief 
interest in sorghum for sugar manufac- 
ture grows out of the fact that sorghum 
matures earlier than sugar cane and that 
by using both species the period of sugar 
manufacture can be extended. At Me- 
ridian, Mis.sissippi, sorghum is being 
grown for use in a nearby sugar mauii- 
facttiring plant that operates on sugar 
cane most of the season. The varieties 
best suited to sugar manufacture are 
Collier, Folger, and Straightneck which 
is a strain of Sapling. As has been men- 
tione<l previously, these “sugar” varie- 
ties are not considered to be the best 
“sirup” varieties because of the inclina- 
tion of the sirup of these varieties to 
“crystallize”. 

A number of grain sorghum varieties 
are used extensively for forage. These 
varieties will apparently stay in exist- 
ence for this purpose, but commercial 
grain production will make use of only 
early maturing double dwarf varieties. 
The forage-producing grain sorghums 
include Hegari, Early Hegari and Black- 
hull kafir. At high latitudes or in the 
northernmost sorghum-producing areas 
early maturing varieties of kafir deriva- 
tion are in use. Hegari and Early 
Hegari are similar except for a differ- 
ence in time of maturity. These two va- 
rieties are most palatable to livestock, 
even though the stems are not very 
sweet. Both varieties grow to be four to 
six feet tall, produce numerous large 
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leaves, and tiller considerably. The Varieties that are being produced for 
seeds are chalky- white ^nd have a brown combine harvesting occupy the largest 

testa that does not show through the part of the grain-producing acreage, 

outer layer of the pericarp. Biackhull These varieties have been increasing in 

kafir grows to be four to six feet tall and number and are extremely dwarf in stat- 

tillers very little. The heads are long ure, which results from being recessive 


i 



Fio. 10. Threshed and unthreahed hroowcorn brush of three varieties. The European Dwarf 
is a eonunon variety and^^e Fulltip and Scarborough Dwarf varieties are improved ones that 
originated in Oklahoma. 


and erect, the seeds white, and a testa is 
lacking. Varieties with local adaptation 
are numerous, and there is reason to ex- 
pect many varieties to remain in exist- 
ence, even though they occupy only a 
relatively small acreage. 


for two genes that produce a shortening 
of the internodes. The list of varieties 
now in use includes Martin, Plainsman, 
Caprock, Westland, Midland, Combine 
kafir and the combine Sooner milos. 
With the exception of the Sooner milos 
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all the varieties named are selections 
from milo x kafir hybrids. The varieties 
are readily distinguishable agronomi- 
cally. The first five varieties named 
have yellowish red seeds, and Martin is 
without awns. All these varieties have 
juicy stems. Combine kafir resembles 
Blackhull kafir but is shorter in stature. 
The combine Sooner milos, unlike the 
other varieties, are not the result of 
hybridization between varieties but are 
pure milo. One has seeds with white 
and the other with yellow pericarp. 
They are double dwarf in stature and 
are earlier in maturity than the other 
varieties. The distinguishing feature of 
all milos is the transverse wrinkle on the 
outer glume. 

None of these combine varieties is 
more than ten years old and none is 
without some fault. It is likely that new 
varieties will soon replace those now in 
use. 

Breeding 

Much of the breeding work being done 
with sorghums is based on a knowledge 
of the inheritance of specific genes. The 
inheritance of genes that affect such 
characters as height of plant, juicine.ss 
and sweetness of stem, plant sap color, 
color of glumes, color of seed, type of 
endosperm starch and even duration of 
growth is known. The genetic constitu- 
tion of the commonly grown sorghum 
varieties for many of the genes that are 
of economic importance is known, and it 
is possible to make an intelligent choice 
of parents with considerable assurance 
that a desirable strain will emerge from 
the cross as the result of recombination 
of the desired genes. It is undoubtedly 
true that many other characters of im- 
portance, such as resistance to diseases 
of several kinds, including those that 
produce lodging, and damage to seed in 
the field prior to harvest, are also genetic 
in nature. The sorghum species contains 
a wealth of variability, and much still 


•remains to be done before most or all 
*of the desirable characteristics have been 
‘brought together in a few strains. 

An extensive sorghum-breeding pro- 
gram has been carried on in the United 
States during the past 30 years. The 
objectives generally have been greater 
3 deld through better adaptation, and bet- 
ter quality. Most of the sorghum im- 
I)rovement work now under way has 
some or all of the following objectives: 
more suitable maturity, more palatable 
seed, seed that will stand exposure with 
• the least damage, dwarfness to make ma- 
*. chine harvesting easier, insect resistance, 
I disease resistance, improved forage qual- 
lity, and endosperms with waxy type 
starch. 

The mechanization of the soi*ghum 
crop that has taken place within the last 
ten years was possible because of the 
breeding work that has been done with 
the crop. When sorghum was intro- 
duced to this country less than 100 years 
ago the varieties were tall, but muta- 
tions that cause shortening of the inter- 
nodes have occurred. Since grain sor- 
ghums have always been used by Amer- 
ican farmers in large acreages, short 
stature was an advantage. The varieties 
that were commonly headed by hand in 
the years prior to mechanization were 
recessive for one gene which caused the 
varieties to be four or five feet tall, 
which is about the right height for hand 
heading. There is some correlation be- 
tween height and the amount of lodging 
that occnirs, and dwarfness is desirable 
in a variety to be combined. A second 
mutation that reduces internode length 
has occurred in sorghum, and plants 
that are recessive for two genes grow to 
a height of two to four feet. Such 
heights are most favorable for combine 
harvesting, and the efforts in recent 
years have been to obtain varieties of 
double-dwarf that are well adapted. 
The varieties in general use at present 
are all less than ten years old, and none 
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of them is considered to be without fault, all transferred to Sudan grass from 
Most of the efforts presently being made Leoti sorgo. Within the past three years 
are for the purpose of improving varie- this variety has come to occupy one-half 
ties that are now being grown or to dis- of the acreage devoted to Sudan grass, 
place them with others that will be an The manifestations of hybrid vigor in 


improvement in one way or another. 

, One of the needs at present is to in- 

• corporate greater resistance to two fun- 

• gus 'diseases that attack the stem and 
! cause the plants to fall before or shortly 

• after maturity but before the grain is 
dry enough to be stored without heating 
after combine harvesting. The pres- 
ently used varieties are quite susceptible 
to fungus diseases that attack the grain 
during damp weather as the grain ap- 
proaches maturity. Variations in resis- 
tance to this .sort of attack exist, and one 
variety of Indian origin is quite resis- 
tant. Fortunately all the varieties now 
being used as parents as well as the com- 
monly grown varieties are resistant to 
Pythium root rot, and the only precau- 
tion that needs to be taken is to see that 
susceptibility does not in some way get 
into the breeding stocks. Selection for 
resistance to this disease several years 
ago prevented the extinction of the im- 
portant milo variety which at that time 
was the most important grain sorghum. 

Increased resistance to insects, of 
which chinch bugs and grasshoppers are 
examples, is the objective of breeding 
M'ork for particular areas where such in- 
sects frequently cause damage. In the 
northern part of the sorghum-producing 
area, the prussic acid content is some- 
times high enough in sorghum forage to 
cause death of cattle. Selection for low 
prussic acid content has been effective. 

There has been some breeding work 
done with Sudan griiss, and at least 
three strains that contain certain genes 
obtained from sorgos have been distrib- 
uted. Sweet Sudan grass has a distinc- 


sorghum are pronounced. Much of the 
lateness and large size shown by some 
sorghum hybrids is due to the action of 
a few complimentary genes, but the vig- 
orous growth and early maturity shown 
by corn hybrids also exist in sorghum. 
It is quite pos.sible, if not probable, that 
the use of hybrid vigor in sorghum i)ro- 
duetion will become feasible. Whenever 
an easy way to maintain a male-sterile 
stock in the homozygous condition is 
worked out or any easy way to bring 
about emasculation is devised, hybrid 
sorghum will quickly come into commer- 
cial use. Increases in yield as large as 
or larger than those obtained in corn are 
produced by certain sorghum hybrids. 
Hybrids are the easiest solution of sev- 
seral insect and disease problems. There 
is every expectation that sorghum hy- 
brids -will come into wide.spread use 
whenever hybrid seed can be produced 
economically. 

As will be seen from the foregoing dis- 
cussion, most of the urgency concerning 
breeding work with sorghum grows out 
of the mechanization of the crop, but 
there is also another cause. Sorghum 
grain is just entering a period of ex- 
panding use in industry. Two of/il^ 
immediate problems that must be solt^ 
are the production of varieties with 
waxy endosperm that are suitable for 
combine harvesting and are .satisfactory 
in production, and oj^yarieties whose 
seeds do not produce r^pesirable water- 
soluble pigments when i^acked by dis- 
eases or insects. Since many of the 
problems are new, much still remains to 


tive glume color, is sweet and juicy, -is^ti^e done before the need for new sor- 

somewhat resistant to foliage diseasea^P^ghum varieties is met. 

and is more palatable to cattle than tlte . It may iq)p^r that almost all breed- 


old variety. These characteristics were ing objectives should be possible to at- 
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that the drug was used by the midwives 
of Europe, especially in Germany. With 
the aroused interest in the medicinal 
qualities of ergot of rye, focus was first 
placed upon the rye as the host plant for 
all medicinal preparations of the drug. 
In 1816, however, Jacob Bigelow, a med- 
ical botanist of Boston, made reference 
to the fact that the rye plant is not alone 
a source for ergot fungus infestation. 
In his publication “On the Glavus, or 
Ergot of Rye” Dr. Bigelow mentioned 
that wheat plants are infected similarly 
and that “considerable (quantities of that 
ergot as well as domestic rye ergot have 
been offered for sale at the druggists’ 
stores’’. This q^resumably would indi- 
cate that early during the 19th century 
the use of other than r;ve ergot was made 
by physicians and that shortly following 
the aroused interest in the drug much of 
the domestic supply was already estab- 
lished. 

Although the knowledge concerning 
ergot and its medicinal virtues has been 
rapidly accumulated since the early 
19th century, mention should be made 
of the significance of ergot and ergotized 
host plants to the ancients and to peo- 
ple of intermediate time, from 500 A.D. 
to 1800 A.D. Accounts vary consider- 
al>Iy and are limited in regard to the 
early medicinal importance of ergotized 
grains. Schelenz and Achundow (1) 
reported that ei'gotized grains were used 
by the Chinese midwifery at an early 
date. Mention is made of its use simi- 
larly by Arabian medicine. There are 
evidences among the records of the 
Moorish physician, Avicenna, which in- 
dicate that the fungus was used medici- 
nally during the 10th century. 

The greatest historical significance of 
ergot and ergotized grains up to the 
20th century has been the disease ergot- 
ism accompanying ergot-infected foods. 
This disease proved to be fatal to thou- 
sands during the endemic and pandemic 
plagues of Europe and Russia during 


the 10th, 11th and 12th centuries when 
the peasant class ingested ergotized 
grains. The disease was characterized 
by a gangrene development in the limbs 
of the victim due to the severe vasocon- 
striction and pressor actions of the ergot 
alkaloids. Such an action would eventu- 
ally result in a numbness of the appen- 
dages, shrinkage and finally separation 
and dropping off. According to the de- 
scription in the “Annales Xantenses’’ 
of 857 A.D., “a great plague of swollen 
blisters consumed the people by a loath- 
some rot, so that their limbs were 
loosened and fell off before death’’. The 
great ergot plagues of the middle ages, 
which were known as “Holy Fire’’, “St. 
Anthony’s Fire”, “St. Martial’s Fire’’, 
the “ignius Beatae Virginia invisibilis 
or infernalis’’, were all associated with 
ergotized grains of the rye. Wahlin 
(2), who reported in 1765 on similar 
epidemics in the provinces of Jonkoping, 
We.st ergot land, Kronoberg, and Carls- 
kroua, Sweden, has attributed the cause 
of the disease in these areas to ergotized 
barley and oats. 

Robert in 1889 made a study of the 
use of ergot among Greek and Roman 
times. He found substantial evidence 
for the fact that a true ergotism did 
exist among populations during the 
periods of Hippocrates, Dioscorides and 
Galen. This is interesting because of 
the general belief that rye plants were 
not commonly grown by the ancient 
Greeks and Romans. If this disease 
were true ergotism and not the result of 
the similar physiological action caused 
by eating corn darnel, black wheat or 
other smuts and rusts, it would indicate 
that ergot from cereals other than rye, 
perhaps fodder grasses, were of signifi- 
cance during Greek and Roman times. 

Among the latest reports of ergotism 
from the ingestion of contaminated 
cereal grains are those concerning an 
outbreak of the disease in the States of 
New York, Ohio, Iowa and Kansas from 
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1820 to 1885. There M^as a similar out- 
break as recently as 1926 and 1927 in 
the Ukraine region of Russia. These 
epidemics were from ergotized rye, 
wheat and oat grains. A small outbreak 
of ergotism occurred in Belgium during 
1844 and was localized in Brussels. 
This was attributed to ergotized oats 
and. rye. 

Development of the Fungus 

Botanists are well aware of the large 
number of grasses which are attacked 
by parasitic fungi. Many of these para- 
sitized plants are susceptible to infec- 
tions produced by species of the Asco- 
mycete genus, Claviceps. The most 
common species of the genus is Claviceps 
purpitrea (Fries) Tulasne. In 1822 the 
research of Pries, and later that of 
Tulasne (1852), made clear the nature 
of the life history^ of Claviceps develop- 
ment in infected grain ovaries. These 
workers divided the life cycle of the fun- 
gus into three phases in ubich the initial 
phase was termed the “sphacelium” 
stage or that form of fungus which at- 
tacks the delicate ovary of grasses; the 
second phase became the “sclerotium” 
stage or that stage which represents the 
resting period and which is character- 
ized by a compact hard stroma or mass 
of mycelial tissue ; and, third, the sexual 
fructification stage during which there 
arise also asexual fruiting bodies. The 
latter structures bear conceptaeles, spo- 
rangia and spores. 

The host plant, presumably always a 
member of the grass family, is attacked 
according to a consistent method of 
asexual spore dissemination. This takes 
place whenever parasitic Claviceps spe- 
cies in the form of ascospores or conidio- 
spores (conidia) are present in sufiicient 
numbers in fields of grain. Such is the 
rule during damp warm weather. By 
the agency of insects or wind these 
spores are scattered to young ovaries of 
a grain plant. The spores are lodged 


either singly or in clusters about the 
base of the grass ovary, and in the pres- 
ence of moisture they soon begin to ger- 
minate. The first visible sign of germina- 
tion is the presence of characteristic 
multiseptated hyphal filaments which 
appear to penetrate and spread over the 
basal portion of the ovary. These 
hyphal filaments branch profusely to 
form a dense fungous growth, the myce- 
lium, which superficially covers the 
ovary. While the mycelium twists and 
branches over the ovarian tissues, fer- 
menting substances, which are secrete<l 
by it, cause gradual decomposition of the 
entire ovary. The resulting mucous- 
like sub.stance, called “honey dew”, 
forms a spongy ma.ss over the upper end 
of the ovary. In the meantime the 
modified ovarian strindure increases in 
size. Close examination of the upper 
extremity of this structure reveals chains 
of asexual unicellular conidiospores in 
great numbers. These become abstricted 
and fall to the ground or are dispei’sed 
by means of insects. Such spores have 
been shown to retain viability for sev- 
eral years. 

The relea.se of coni(lio.s))ores by the 
developing ergot ends what is called the 
“sphaeelial phase” of the life-history. 
With penetration of the threads of 
mycelium deeper into the ovary of the 
grain a mass of fungal growth s<K)n fills 
the space of the entire ovary. Micro- 
scopic examination of the ovary at this 
time reveals only a hardened compact 
mass of fungal tissue. Such a mass 
assumes a somewhat curved form and 
becomes the resting stage or sclerotium 
of the fungus. It is this, purplish-black 
to brown hardened form which becomes 
the- crude drug of commerce or the de- 
.structive form of ergot disease which is 
the menace to the grain grower. 

The ergot sclerotium tends to dry 
somewhat within the spikelet of the 
grain and may remain there until the 
period of threshing, or may soon fall to 
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the frround. In any event, should it 
lodge on the ground, it will either de- 
velop fruiting stalks at once or remain 
dormant over winter and then sprout 
during the spring. The fruiting sprouts 
are characterized by the presence of 
many long-stalked globular heads (fruit- 
ing heads), each of which is called an 
“aseocarp" or “stroma". Within each 


grains are quickly infected, and the fun- 
gus soon spreads over a w'ide area to 
ravage a grain field. If collected, how- 
ever, these become the source for several 
medicinally important alkaloids. 

Species of Claviceps 

By means of artificially germinating 
the sclerotinm stage of Claviceps spp. or 



Fig. ] (Left). Ergot developing in spikelet of domestic- rye, S culr rerrate. A, sjiikelet; 
!t, rac-hilln ; 1), glnmes; c, ergot selerotiuin; H, ergot selerotiuin : a, longitudinal furrow; 1», trans- 
verse fissure; (’. rye earyopsis: D, glume; E, lemma; F, flower: a, lodieules; 1>, ovary; e, stamen; 
d. style. 

Fio. 2 (Sight). Ergot developing in apikelet of domestic durum \cheat, Triliriim liiirum. 
A, spikelet: a, raehilla; b, e, glumes; d, ergot selerotium; B, ergot seelortium; a, longitudinal 
furrow; C, wheat earyopsis; D, glume; E, lemma; F, flower: a, stamen; b, ovary; e, style and 
stigma. 


ascocarp are fiask-shaped cavities, the 
perithecia, each of which bears cup- 
shaped sacs or asci, each of which, in 
turn, encloses six to eight unicellular 
ascospores. After distintegration or 
rupture of the ascocarps. neighboring 


by inoculation experiments, species of 
the genus have been studied for varia- 
tions. It appears evident through the 
research of Barger (,3) that, in general, 
each species is limited in development 
to a particular kind of host plant. For 
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example, Claviceps nigricam has been 
found restricted in development to 
plants of the Cyp^raceae. Further, 
Reed and Vavilov (4) have shown that 
parasitic fungi inhabiting a number of 
host plants may be structurally alike, 
but that when transferred from one spe- 
cies of,Jiost to another no development 
will ensue. The assumption is often 
made that the spores of a particular race 
of Claviceps species can infect host plants 
susceptible only to that race. Stager 
(3) has showm that infection by Clavi- 
ceps species may never proceed beyond 
the sphacelial stage-in some grain ovaries 


by inoculation methods on Melica uni- 
flora and M. mutam and later trans- 
ferred to Sesleria coerulea. The latter 
grass appears to be immune to C. pur- 
purea infestations. 


Sources of Domestic Ergot 

Since the acceptance into official medi- 
cine of ergot and its several important 
active alkaloidal constituents, such as 
ergotoxine, ergonovine, ergotamine and 
ergotinine, more interest has been cre- 
ated in the cultivation and use of the 
domestic supply of the crude drug. This 
has been especially so during shortages 



Fig. 3 (Left). Ergot developing on domestic rye, from fields of Minnesota. 
Pig. 4 (Bight). Ergot developing on domestic quack grass, Agropyron repens. 


to form ergot sclerotia. Of the species 
of Claviceps, C. purpurea appears to be 
the most fertile. Some 16 grasses, in- 
cluding wheat, rye, barley and species 
of Festuca, Bromus and Poa, as well as 
some of their hybrids, have been used 
with success as host plants during racial 
studies of sclerotia development in this 
species. 

Among other economically important 
species of Claviceps, there are races of 
C. microcephalia which is an abundant 
investor of the common reed, Phragmites 
communis, and of Aira spp., Poa emnua 
and Nardus stricta; and races of C. ses- 
leriae which were artificially produced 


of foreign supplies. Historical accounts 
of the ergotism plagues have shown that 
European rye plants are not the only 
sources of a potentially potent Ergot, 
but that domestic grasses and sedges of 
additional types will act as hosts to 
potentially active ergots. Consequently, 
ergots growing on a number of domestic 
grasses and sedges have been investigated 
medicinally and physiologically. Many 
of these investigations have also been 
stimulated because of ethno-botanical 
findings. It has been shown as the 
result of such studies that sclerotia of 
the fungus Claviceps, no matter what 
the host plant may be, have medici- 
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nal properties, such as vasoconstriction 
and muscle stimulation, which agree in 
character although not always in in- 
tensity of action. Among those domestic 
plants which harbor sclerotia most com- 
parable to European rye ergot are Agro- 
pyran repens, Glyceria nermta, Elymus 
virginicus, E. condensatus, Avena sativa, 
Zea mays, Palniae spp., Phleum pra- 
tense, Zizania aquatiea, Ampelodcsmos 
tenor, Triticum sativum, T. repens, T. 
durum, Lolium spp. Psamma spp., Dac- 
tylis spp. and Anthoxanthum spp. 

Barger (3) has listed the following 
number of known host plants for the 
ergot fungus; among the Gramineae, 66 
genera including over 250 species; 
among the Cyperaeeae, four genera, each 
with about ten species; among the Jun- 
eaeeae, one species, Juncus glaucus Sibth. 

Domestic Ergot compared with 
Foreign Ergot 

In a studj' to compare commercial 
crude drug grades of domestic ergot with 
those of foreign importation into the 
United States, Youngken et al. (5) have 
shown ■ that ergots from domestic* rye, 
wheat and a wheat hybrid, Triticum 
durum Desf. crossed w'ith Elymus con- 
densatus Presl., compared very closely 
in structural and phytochemical char- 
acteristics with those from several 
European rye sources. Sclerotia of 
domestic and foreign rye ergots are gen- 
erally larger in size than tho.se of wheat 
ergot. Most domestic wheat ergots have 
conspicuously blunt extremities as com- 
pared with the tapering-to-pointed ends 
typical for rye ergots of both foreign 
and domestic sources. Rye ergots gen- 
erally are larger in length and thickness 
than those of wheat, oat and rice. The 
pseudoparenchyma cells of domestic 
wheat ergots differ somewhat in being 
more compactl.v arranged than those of 
rye ergots. It is difficult to distinguish 
between these sources when powdered 
drug material is to be examined. Some 


domestic wheat ergots appear in drug 
markets with a striated marked outer 
rind. These are colored purplish-black 
with various lints of rose and have a 
smoother waxy surface than sclerotia of 

Fig. 5. Ergot from various sources, reading 
from top down: Spanish rye; Minnesota rye; 
Minnesota wheat ; Minnesota durum wiieat ; 
“striated’^ t^rgot, domestic durum wheat; do- 
mestic hybrid, Triticum duruvix Eltfmus cou- 
denuaiufi, 

other wheat, rye and oat ergots. These 
striated varieties appear to develop in 
large quantities in fields of the domestic 
wheat, Triticum durum. 
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There appears to be little or no strik- 
ing differences in comparative results 
obtained from microchenlical coloration 
tests, fixed oil determinations and mois- 
ture content for ergot of domestic rye 
or wheat sources when compared with 
good grades of European and Asiatic 
ergots. On the other hand, because of 
the poor conditions under which mtich 
foreign ergot is imported, it has fre- 
quently been observed that foreign drug 
is inferior to domestic ergot in morpho- 
logical appearances and total yield of 


dried at a temperature not to exceed 
40° C. Ergot which has been exposed 
to excessive moisture, more than 6% or 
7%, will develop a brown-to-purple in- 
ternal color instead of retaining its nor- 
may gray-to-white color. It will also 
possess a musty or rancid odor. 

Physiological Reports on Domestic 
Ergots 

There is a meagre amount of data 
available on the studies that have been 
conducted on the physiological activity of 



-Fig. 6. Priueipal States producing rye, Seealr cereale (lined circle) ; wheat, Tritiovm aentivum 
(open circle); and domestic giant wild rye, Ehnnus condensaius (black circle). 


active constituents. The usual report is 
that the alkaloidal content of most 
sources of domestic ergots of rye are 
found to be greater than comparative 
imported sources. On the other hand, 
good quality ergot from domestic wheat 
supplies has been found to be lower in 
total alkaloid content than that of rye 
sources. 

Storage and drying conditions for 
ergot of any source must be carefully 
observed. The drug should be stored in 
moisture-proof containers and should be 


ergots obtained only from domestic 
sources. The fact that the domestic sup- 
ply has never reached the proportion of 
the imported supply has probably been 
responsible for manufacturers of ergot 
preparations to rely upon foreign ship- 
ments. This has been true as long as the 
latter have measured up to Pharmaco- 
poeia! specifications. Newcomb and 
Brown (6) and others have shown that 
domestic grown ergots compare favorably 
in physiological activity with selected 
samples of Spanish and Russian ergot. 
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Jn many eases they attach more value to 
domestic rye samples studied than to 
those of the foreig:n source. Munch (7) 
found that ergots obtained from (piack 
grass, Agropyron repens, and from 
wheat. Triticum aestivum, both from 
fields in South Dakota, North Dakota 
and Minnesota, were from one to 
three times as potent in physiological 
activity as is required, according to 
minimum requirements for ergot of rye 
of TTnited States Pharmacopoeia stand- 
ai'ds (U.S.P. X). Several samples of 
ergot obtained from rice, Oriza sativa, 
grown in Minnesota and assayed accord- 
ing to the U.S.P. XI cock’s comb 
metluKl, were found to be physiologically 
active and of good potency. 

Denniston (8) has described the char- 
acter of several ergot grains from wild 
rice. Zizania aquatica L., used by the 
Indians of northern Wisconsin pretlomi- 
nantly in midwifery. Brown and Kanck 
(9) reported that the cau.se of several 
abortions among cattle in Mississippi 
and the Mississippi River Valley was 
due to the physiological activity pro- 
duced by ergot of Chiviceps paspaii 
found infecting Paspabim species. 
There are reports of abortions among 
cattle grazing in ergot-infected rye, 
wheat, barley and other grasses of the 
AVest and Midwest. 

The i)hysiological activity of many 
ergots, in addition to the rye source, that 
are available within the United States, 
is attractive and warrants further inves- 
tigation. 

Economic Status of Ergot 

Despite the indications of physiologi- 
cal activity produced by ergots of other 
than rye plants, the latter remain the 
chief ergot of clinical and manufactur- 
ing use. It is important that, due to the 
larger size of the rye ergot, this ergot 
is easier to separate from the grain, and 
such a factor influences its commercial 
availability. 

Since the close of World War TI the 


economic situation relative to the mar- 
ket in all botanical drugs has been im- 
proving and slowly returning to prewar 
levels. According to Industry Report 
(10) of the Department of Commerce 
and several of the trade news, many 
foreign suppliers of ergot of rye are 
returning to the markets. For example, 
during January and February of 1945 
over 44,000 pounds of ergot of rye were 
imported. During the same months in 
1946 about 42,000 pounds were obtained 
from abroad. In the shortage periods 
beginning in 1941 most American u.sers 
of ergot were relying upon isolated 
spotty collections of the drug made by 
several crude botanical dealers within 
the United States. Wheat ergots as well 
as rye ergots were used by pharma- 
ceutical manufacturers whenever large 
enough collections could be obtained. 
As much as three and four dollars per 
pound were paid for domestic drug. As 
a result of this. i.solated areas of the 
wheat- and rye-producing States of the 
Midwest and South became important 
sources for the supply. Much domestic 
rye ergot has entered botanical ixiarkets 
from Minnesota. Wisconsin and the 
Dakotas. Other important sources are 
Illinois, Indiana and Nebraska. It has 
been estimated by the Bureau of Foreign 
and Domestic (’ommerce of the Depart- 
ment of Commerce (11) that during 
1941 the Ihiited States produced about 
100,000 i)ounds of ergot of rye, Spain 
supplied this country with 400,000 
pounds, Russia 300,000 pounds, Portu- 
gal 150,000 potinds and Germany 100,000 
pounds, and that from all other coun- 
tries this country imported about 150,000 
pounds. 

It is evident that, although much ergot 
fungus develops annually in the wheat 
and rye fields of the country, relatively 
little of this domestic supply actually 
enters the drug markets during normal 
times. Due to the fact that only the 
rye source is acceptable for use as the 
official Pharmacopoeial drug, very little 
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wheat ergot is used commercially in 
pharmaceutical preparations. But even 
in cases of the rye ergot "farmers prefer 
to bum the fungus rather than to com- 
pete with the foreign market or to run 
the risk of ergot-ravaged grain crops. 
Recent actions taken by the Federal 
Drug Administration in detaining many 
arrivals, of ergot shipments from abroad 
because of poor quality drug has encour- 
aged some grain growers to continue 
dealing with domestic outlets. 

The collection of ergot is almost en- 
tirely a peasant industry abroad where 
it is usually picked by hand. Its domes- 
tic development or even that in foreign 
countries varies according to rainy sea- 
sons, heat and humidity. If not eradi- 
cated as a dangerous crop fungus 
growth, its collection varies from season 
to season. In the United States the fun- 
gus is separated by special machinery 
in terminal elevators which clean the 
ergot out of the rye and wheat. Some 
elevators retain the ergot screenings for 
sale, depending upon prices offered. 
Others destroy the screenings. 

While dealers in crude ergot and 
manufacturers who use the drug replen- 
ished depleted stocks during the latter 
part of the war and into 1946, the price 
level remained between $1.65 and $3.00 
per pound. In April, 1947, the price 
level reached to between $1.25 and $1.50 
per pound. Even during normal times 
these price levels fluctuate, depending 
upon the rye crop prospects. For ex- 
ample, during 1931 and to 1934 the 
price range was between 32 cents and 
47 cents per pound. From 1936 to 1940 
the price ranged from a low of $1.25 to 
$3.85 per pound. 

Conclusions 

Despite the evidence of the physio- 
l(^ical potency of ergot from oHier 
sources than tie rye plant, the official 
standards do not permit those of wheat, 
oat, barley and rice to be marketed as 


United States Pharmaeopoeial or Na- 
tional Formulary products. This re- 
striction determines the foreign and 
domestic supply of the drug. Reports 
indicate that there is far more domestic 
wheat ergot developed in this country 
than domestic rye ergot. Considering 
the fact that prior to the past war more 
than 30 million bushels of rye were pro- 
duced in a year in ten leading rye-pro- 
ducing States and that more than 490 
miUion bushels of wheat were produced 
in the same year (1939) in ten leading 
wheat-producing States, potentially the 
wheat ergot and rye ergot yield should 
be great enough to become an important 
domestic source of drug. 

It appears timel^% therefore, that in- 
vestigations be undertaken to develop 
the two foremost etgot supplies of the 
United States — ^rye and wheat ergot. 
Such an investigation might result in 
the use of wheat ergots in official medi- 
cines as well as that of the rye. This, 
it would seem, could be done under care- 
ful supervision so that there would be 
no fear of ravaged grain crops and the 
dreaded disease, ergotism. 

References 

1. Holmes^ E. M. Am, Jour. Pharni. 16; 203. 

1886. 

2. Wahlin, A. M. Kongl. Vetonskaps, Acad. 

Hand. 32: 14-41, 153-167. 1771. 

3. Barger, G. Ergot and ergotism, pp. 13, 

14, 117-122. 1931. 

4. Vavilov, N. I. Jour. Genet. 4: 49-65. 

1914. 

5. Youngken, H. W. Jr, et aL Jour. Am. 

Pharm. Assoc. 21: 136-140. 1942. 

6. Newcomb, E. L. Proc. Minn. St. Pliarm. 

Assoc. 190-192. 1917. 

7. Munch, J. C. Bioassays. 1931. 

8. Denniston, E. H. Proc. Am. Pharm. Assoc. 

48: 673. 1900. 

9. Brown, H. B. and Eauck, E. M. Miss. 

Agr. Exp. Sta., Tech. Bull. 1915. 

10. Industry Eeport. Bur. For. & Doi^Gom., 

* U, S, Bopt. Comm. 6-7 May lUlb. 

11. Industrial Eeference Service. Bur. For. & 

Dorn. Comm. XT. 8. Dept. Comm. 4 
Part 2. 8. 1946. 



The Culture of Cork Oak in Spain 

Where over-intensive use of the forests may be lead- 
ing to the loss of a centuries-old plant-utilizing in- 
dustry. 

PALMER STOCKWELL* 

California Forest andBange Experiment Station 


Introduction 

CoKK is such a common, yet unobtru- 
sive, material that we usually take it for 
jrranted with never a question as to its 
j)icturesque source or colorful history. 
While most of the common trees and 
shrubs, and even the herbs, produce some 
cork, only a half dozen species of plants 
])roduce enough to be of potential eco- 
nomic importance. The ‘‘corkwood^’ of 
commerce^*'* from which cork products are 
made, is the outer bark of the cork oak 
(Quercus Suher L. and its varieties), a 
large evergreen oak that once girdled the 
Mediterranean but now is limited to the 
lands bordering the western half of that 
sea, A peculiarity that adds greatly to 
the value of cork oak is its ability to re- 
gtuierate in a few years the corky outer 


bark after it has been peeled off or 
'‘stripped.’’ 

Cork has been, throughout historic 
time, one of the important agricultural 
products of Spain. It is closely linked 
with that most famous of Spanish in- 
dustries, wine production, as well as be- 
ing in its own right a major export 
product. (Jood husbandry has preserved 
the cork forests despite increasing eco- 
nomic pressures that might lead to their 
destruction, in the same way that many 
American forests were destroyed — ^by 
over-intensive use. The visitor with a 
knowledge of the history of forestry in 
the United States finds himself uncon- 
sciously watching for signs and for 
trends that will help him to estimate the 
status of the cork industry, to judge 
whether all is well or whether Spain, like 


1 Jt was tilt* writer’s privilege, iu the winter 
of 1943-44, to study cork production in Spain 
under the joint auspices of the U. 8. Forest 
Service and the Crown Cork and Seal Co ., 2 of 
Baltimore. The comnieiits and opinions ex- 
pressed ht*re are the result of actual observation 
and discussions with Spanish officials and busi- 
ness men interested in cork. The reader should 
bear in mind, however, that when judgments of 
so ramified a subject as the cork industry are 
based on only three months of observation, 
many mistakes are possible. Any misinterpreta- 
tions of fact must be charged to the author — 
not to the hospitable Spaniards who did so 
much to make the assignment both pleasant and 
profitable. 

On arriving in Lisbon, Mr. Melchor Marsa 
and Senor E. Mas were awaiting me, and three 
months later, on my return from Spain, Sr, Mas 
was again my generous host. Among the many 
Spanish officials and business men who unstint- 
gave of their time and resources that I 
might have a better understanding of Spain 
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and the cork industry were Seilores E. Morales 
y Fraile, Salvador Robles Trueba, Luis Ceballos 
Fernandez, and El Marques de Villa -.\lcazar, 
all of Madrid ; Sr. Bonal of San Feliu de 
Guixols; Sr. Domingo Serra and Sr. Haya of 
Sevilla. Special acknowledgment is due Sr. 
Rogelio Mont Maruny of Sevilla wdio through- 
out my stay in Spain w^as my mentor, guide, 
business agent, host and loyal friend. 

2 See page 445 of this issue, and page 316 of 
Vol. 1 No. 3 of ECONOMIC BOTANY for ab- 
stracts concerning the cork oiik-planting activi- 
ties of the (Vowm Cork and Seal Co. [Ed.]. 

2 Small amounts of cork are harvested from 
the ^^Pau Santo'* (Kielmegera eoriaeea Mart.) 
tree of Brazil for use in Rio de Janeiro and 
Buenos Aires. In Japan a small amount of 
cork is harvested from a native species of oak 
{Quercus variahilis) and used locally. 

The reader *8 attention is directed to the 
article on “The Cork Oak Tree in California" 
in Vol. 1 No. 1 of ECONOMIC BOTANY [Ed.]. 
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the United States, is faced Avith shrink- 
ing forest resources. 

Cork has seA’eral inherent character- 
istics that make it A-alnable to man. It 
is light in weight, buoyant, resilient, has 
a high coefficient of friction, is chemi- 
cally inertj, practically waterproof, taste- 
less, odorle.ss, soft and warm to the touch 
and has pleasing texture and color. 
These qualities make it suitable for many 
things such as floats, stoppers, grips and 
handles, insulation and flooring. Substi- 
tutes for cork are j>lentiful in many 
flelds of application. On the other hand, 
new uses are being found and old uses 
are being expanded so rapidly that the 
world production of some 300,000 long 
tons yearly is readily absorbed by an 
eager market of rising price. 

History 

When man first made use of cork is 
not known. Theophrastus, in 288 B.C., 
described cork as a product of the Pyre- 
nees. Other early writers also men- 
tioned cork and its qualities, indicating 
that long before the time of Christ, fish- 
ermen Tised it for net floats, vintners 
used it with pitch to seal wine jars, while 
Iberian peasants often roofed and 
floored their huts with cork slabs to in- 
sulate them from heat, cold and mois- 
ture. Today these same uses — ^floats for 
various purposes, stoppers and closures 
for fluids, and insulation — require the 
greater portion of the annual cork crop. 
One may even find occasional peasant 
huts in Spain that are roofed with cork 
slabs from the forest. 

In the seventeenth century, w’ith the 
'development in Germany of the glass 
bottle, came the industrialisation of cork. 
The craft of cork cutting emerged. 
Three quaint little seaside villages — 
Palamos, San Peliu de Guixols, Llago- 
stera^ — in the north Spanish province of 
Gerona because the early centers of cork 
manufacture. Nimble fingered workers 
with keen-edged knives sat at their side- 


walk benches and cut to order stoppers 
for wine bottles — as manj'^ as 2,500 per 
day by a skilled worker. German money 
and markets were largely responsible for 
the early development of the cork indus- 
try, but the shrewd energetic Catalans 
of north Spain became the factory man- 
agers, the technicians and the .skilled 
labor of the industry. To this day a 
goodly portion of the directive and 
supervisory talent of the cork industry 
throughout the world is supplied by 
Spaniards, Catalans in particular. 

Supply and Present Production 
in Spain 

Of the 2,000,000 acres in Spain where 
cork grows naturally, only 840.000 acres 
ai*e in commercial prwluction today be- 
cause of the thin stand of trees in the 
drier localities, the preponderance of 
other tree species than cork oak in many 
forests, or other factors that make com- 
mercial production \inprofitable. The 
greater gross production of corkwood is 
in southern Spain, although northern 
cork is often said to be of better quality. 
The cultural practices of the two sections 
differ in detail due to differences in land 
ownership, land management and use, 
and the customs of the. people. In north 
Spain the forest holdings of individuals 
are in smaller acreages, often consisting 
of w'oodlots adjacent to the small farms. 
In south Spain, on the other hand, are 
located tremendous estates that have 
been handed down within certain fami- 
lies for generations. 

In the mountains and broken terrain, 
both in the north and in the south, dense 
forests may be seen. These are mostly 
of mixed oaks and otJier hardwood spe- 
cies. Cork oak may be scattered thinly 
among other kinds of trees, or in places 
it may comprise almost all of the stand. 
In the rolling hills and dry t|iblelands, 
particularly of south Spain, the forest 
consists of. widely scattered hardwoods, 
often presenting the appearance of a 




Fig. 1. (Upper), Old cork oaks along the road between Algeciras and Tarifa, Spain. The 
cement slabs along the road represent only safety precautionary 1068801*08. 

Fig. 2 . (Lower), Stacks of cork near Algeciras, Spain, awaiting shipment. (Photos courtesy 
Crown Corlc # Seal Co,^ Baltimore^ Md,) 
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sparsely wooded grassland. Here again 
the cork oak may comprise a large or a 
small part of the tree stand, depending 
on local conditions. 

Always the cork oak is picturesque, 
with great gnarled branches and a wide 
spreading crown resembling the live oak 
of the southern United States. The 
trunks of some are smooth and cinnamon 
brown — young trees stripped of their 
corkwood for the first time within the 
year. Others show the scars and cal- 
luses of a hundred years of periodic 
stripping. In parts of the cork-produc- 
ing country, particularly where the land 
is level or rolling, there is at times little 
reproduction of young trees. The visitor 
often has a disquieting, premonition that 
the forest giants will one day be gone — 
with nothing to replace them. Yet the 
very presence of the forest, after three 
hundred years of intensive use, reassur- 
ingly demonstrates the value placed on 
conservation by the Spaniard. 

Operations 

Normal practice throughout the Medi- 
terranean region is to strip the cork from 
trees more than eight inches in diameter 
in July, August and September. The 
Spaniard prefers for this operation a 
nicely balanced, short-handled, light 
Aveight broad-axe, centuries old in de- 
sign. In some localities he chops a series 
of holes through the outer bark and uses 
them as a ladder to climb to the desired 
height. He then deftly hacks and peels 
the bark from the trunk in great slabs, 
often six feet long anj half as wide, as 
he descends. A skilful workman strips 
about 1,200 pounds of cork per day. In 
North Africa and Portugal, ladders and 
saws are frequently used, but the funda- 
mental process is essentially the same. 

The time interval between strippings 
of the same tree is from 9 to 11 years, 
dep^ding on the growth rate of the 
trees in the region in question. The for- 
est owner seldom strips all trees the same 


year. He finds it more profitable to 
arrange the stripping of a part of his 
holdings each year. Corkwood is said to 
strip best after a rain, but as summer 
rains are very uncertain the harvest is 
planned without regard to the weather. 

Local custom determines the method 
of disposing of the corkwood. After 
being stripped from the trees it may be 
piled near where it is stripped or it may 
be shipped by cart or wagon direct to 
the factory. More commonly, however, 
it is hauled to central concentration 
points in the forest where the cork of 
several owners may be assembled. Buy- 
ers examine the cork piles of the various 
owners before the auction, if one is to be 
held, so that they may bid intelligently 
on the various lots offered. One inter- 
esting variation of the auction is used 
extensively in north Africa and to a less 
extent in south Spain. The auctioneer 
first asks a price above what he expects 
to get. He then drops the price rapidly 
step by step until someone bids. The 
first bidder takes the lot being offered. 
The bidder must be shrewd and alert to 
secure for his company the quantity of 
cork desired at a favorable price. My 
respect for the cork buyers increased tre- 
mendously on closer acquaintance. In 
addition to the Spanish dialects, units of 
weight and money, the cork buyer for a 
large firm must be familiar with customs, 
money and languages of south Prance, 
Portugal and north Africa. 

After the manufacturer has the cork 
in his possession it is graded very care- 
fully into as many as ^ classes in some 
factories, depending on its fitness for 
various purposes. Cork grades are based 
on the size and thickness of the slabs; 
the presence of cracks, breaks and fis- 
sures in the “belly” or the “back” of 
the slab ; the presence of pits, holes and 
•injury or granular inclusions in the 
cork; the texture, density, color, pres- 
ence of Stains, uniformity, etc. of the 
material. The cork grader requires a 




Fro. 3. Cork being stripped in one continuous piece 15 or more feet tall from the trunk of an 
old cork oak in Spain. {Courtesy Crown Corlc ^ Seal Co,, Baltimore, Md.) 
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keen eye, sensitive touch, thorough 
knowledge of grades and the uses to 
which they are put, and sound judg- 
ment; qualities that require years of ex- 
perience to develop. Because of the 
small margin of profit on which cork is 
manufactured, improper grading could 
and somcftimes does mean tiie difference 
between profit and loss to the factory. 

Highest quality cork is made into stop- 
pers for the sparkling wines such as 
champagne — ^in fact, the supreme test 
for cork quality seems to be whether it 
is suitable for champagne stoppers. 
Other grades of cork are used for stop- 
pers for various sizes of bottles, for shoe 
insoles, crown cap liners, fish net fioats, 
etc. The scrap left from cutting these 
products together with the low-grade 
cork is ground and used as hot pressed 
blocks for insulation, or for composition 
cork, the particles of which are cemented 
together. Cut cork products are still 
made chiefiy in Europe, while the United 
States has become the leader in the pro- 
duction of ground cork products. 

In the cork factories of Spain are seen 
all degrees of mechanization and working 
conditions. Shoe insoles are most often 
cut by hand, with the aid of a metal pat- 
tern and sharp knife, from sheets of cork 
that have been sliced by machine. Hand 
cut champagne corks are often preferred 
by the vintners. These are square in sec- 
tion with rounded comers, the belief 
being that this shape makes a more efS- 
cient seal than the round stopper. Small 
bottle corks are most often run through 
a punch machine by hand. It has been 
learned that a care^l inachine operator 
can cut more usable items from a single 
slab when feeding the machine by hand 
than can be cut by a fully automatic 
machine because of irregularities in size 
and shape of the slabs and the irregular 
distribution of imperfections in the cork. 
The trend, however, at the present time, 
is toward more automatic machines and 
more mechanization throughout the in- 


dustry, because of the rising cost of labor 
in proportion to the value of the material 
wasted by machine cutting. 

Working conditions in the Spanish 
cork factories are not comparable to 
those in the United States because of the 
entirely different social and economic 
system. During the winter the writer 
spent in Spain there was an acute short- 
age of electric power for light and heat 
and operation of machines due to 
drought and consequent low water stor- 
age. Cork factories in Sevilla operated 
only three days per week during part of 
the winter, with strict limitation of light 
and heat. The lack of heat was no great 
hardship, however, as there was no frost, 
and the midday temperatures were com- 
parable to those of southern California 
or Arizona. 

Economics 

The visitor to Spain, if a botanist or a 
forester, is prone to speculate on future 
developments of the cork industry by 
what he sees today. Wherever he goes 
he sees evidence, bits of a pattern, that 
when fitted together form his picture of 
cork production as it is and as it seems 
likely to develop if present trends con- 
tinue. There are several forces, rooted 
deep in custom, tradition and economic 
practice, that operate slowly but cer- 
tainly to diminish the potential amount 
of cork that Spain can produce. To give 
an understan^ng of the complex situa- 
tion these factors and those that counter- 
balance them must be examined. Some 
of the factors have been operative 
through two centuries or more, always 
tending to reduce not only the total 
acreage of cork forests but also the per- 
cent of cork oak in relation to other spe- 
cies. Among these factors are livestock 
husbandry, the use of cork oak for fuel, 
stripping injuries, cropping the land be- 
tween trees, and subjugation of land for 
farming. 

Grazing and foraging of forest land by 
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hogs, and to a less extent by other live- 
stock, is an important and age-old busi- 
ness of Spain, in common with other 
western Mediterranean countries. It is 
the opinion of many forest landowners 
that over a period of years fees for allow- 
ing hogs to harvest the acorns will yield 
a greater and more dependable income 
than that from other forest sources. 
Light winter grazing by hogs and goats 
is believed to be beneficial to the forest, 
as many acorns are tramped into the 
ground where they sprout and grow. 
Heavy grazing by hogs or by goats has a 
bad effect at any time, particularly in a 
moist early spring when young trees may 
be chewed off, trampled or uprooted. 
Other classes of livestock, too, are capa- 
ble of doing great damage to young trees 
and preventing reproduction of cork oak, 
but because they are fewer in number 
their damage is less. 

The cork oak acorn, called the bitter 
acorn, is an excellent feed for livestock, 
and is sometimes eaten by the peasants 
during times of stress. On the other 
hand, the acorn of the holly oak, called 
the sweet acorn, is considered an even 
better feed. In addition, the holly oak 
bears a larger acOrn crop per tree, and 
bears more regularly year by year than 
the cork oak. For these reasons the for- 
est owner may sometimes favor reproduc- 
tion of the holly oak rather than the cork 
oak because of its greater value as a pro- 
ducer of hog feed. 

Cork oak, as well as other Spanish 
oaks, is excellent fuel and makes good 
charcoal, a vital and valuable product in 
Spain. Normally pruniugs, thinnings, 
and trees past the age of usefulness are 
converted into charcoal. At times the 
owner under economic pressure may con- 
vert many young, vigorous cork oaks 
into charcoal at the expense of future 
cork production. 

Stripping also results in some loss. 
A loss of three to five percent of the trees 
is expected at the first stripping. After 


the first stripping the rate of loss drops 
sharply, but there are occasional losses 
of older trees, particularly when they 
are stripped severely, that is, when an 
unusually large area of bark is removed. 
Stripping also results in considerable 
accidental injury when the workman’s 
axe may slip, or he may make his cut 
too deep. These injuries cause callus 
tissue knots to form, and in time, after 
many strippings, the cork oak trunk may 
become as warty as a cucumber. The 
quality of the corkwood produced by 
such trees is low, and they are often 
removed, the wood being converted into 
charcoal, the cork being stripped from 
even the smaller branches, and the inner 
bark being sold for leather tanning. 

It is the practice in parts of Spain to 
plant crops between the scattered cork 
and holly oak trees during years when 
there is ample winter rainfall. Such cul- 
tivation, although not of outstanding im- 
portance, may, where it is practiced as 
often as once in five or six years, prevent 
the reproduction of young trees. 

All of these practices and customs 
affect the long range outlook for cork 
production. The fluctuation of market 
prices sets the various trains of events 
in motion. During periods of high cork- 
wood prices, trees are often severely 
stripped. Heavy tree losses and much 
trunk injury may result, particularly if 
the stripping season is followed by an 
unusually cold or dry winter. 

During years of light demand and low 
corkwood prices, in order to produce 
necessary income, the forest owner may 
be forced to cut many trees for the pro- 
duction of charcoal, fuelwood and tan- 
bark. A rise in price of any of these 
products may be reflected in heavier cut- 
ting of forest trees. 

Likewise, when pork products are at 
a premium the forest may suffer. To 
take advantage of a favorable market, 
or of the relatively cheap feed, large 
numbers of hogs may. be fattened, in the 
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forest. Swineherders take half grown 
animals into the forests in late autumn. 
By spring the hogs ard fat, having fed 
on acorns for five or six months; those, 
from the deciduous oak in the autumn, 
from the cork oak in midwinter, and 
from the holly oak in late winter and 
spring, liluch damage to young trees 
can result from this program unless 
great care and good judgment are exer- 
cised. 

The Future of Cork in Spain 

We have now examined at some 
length the factors that have slowly been 
depleting the cork-producing forests of 
Spain. In contrast to these let us ex- 
amine some of the factors that have 
helped conserve the forest resources for 
three hundred years, or that give prom- 
ise of helping in the future. In the 
first place it has long been the custom, 
so it is said, to periodically protect the 
forest from grazing or to allow only 
light grazing for a series of from five 
to ten consecutive years. If this is 
done once in fifty years the forest can 
be maintained. Then there has been in 
recent years an increasing interest in 
government acquisition and redistribu- 
tion of large forest holdings and in the 
development and introduction of better 
forest practices. The chief of the Span- 
ish Forest Service, Sr. Salvador Robles, 
is an able, well trained forester, who 
sees the problems clearly and who is 


advocating a sound and progressive 
program of education and control that 
makes the future encouraging. The 
effects of this program will be increased 
per acre cork yield, increased reproduc- 
tion of young trees and less damage to 
trees during grazing and stripping 
operations. 

Another greatly needed development 
that would, perhaps, protect the future 
supply of cork even more than regula- 
tion of the forest is the construction of 
large storage dams for hydroelectric 
power and irrigation. The potential 
waterpower that could be developed is 
great. Spanish engineers and agricul- 
turists are looking in this direction. 
Power for factories and for city homes 
would greatly reduce the need for char- 
coal in this land without oil and with 
little coal. Water for irrigation would 
increase the supply of food and feed. 
The general effect would be to raise the 
economic status -of much of Spain’s 
population, and in so doing, to reduce 
the pressure for over-intensive use of 
the forest. 

It will be interesting to watch the 
course of future development in Spain 
to see whether the colorful and historic 
cork industry continues to grow, or 
whether it is gradually crowded out by 
other industries that may prove to be 
of greater economic value, or whether 
the cork forests, as with some American 
forests, are destroyed by over-intensive 
use. 


Utilization Abstracts 


Sunflower Seed. In 1946, 25,000,000 
acres of sunflowers were grown in the neigh- 
borhood of Altona, Manitoba, Canada, by the 
Mennonite farmers of that region. The crop 
was raised for production of sunflower oil 
which, since sunflower growing was started 
there three years ago, has found increasing 


use for household purposes, pharmaceuticals 
and shortening. The residual oil-meal cake, 
after the oil is pressed out, and the hulls are 
used by feed-mixing concerns. (Agricultural 
cmd Industrial Progress in Canada, as re- 
ported in Chemurgie Digest 6(8): 151, 
1947). 



Edible Nuts of the Pacific Northwest 


Only four kinds of native nut — hazelnut, chinquapin 
and two acorns — and introduced American walnut, 
Persian walnut and European filbert constitute the 
sources of edible nuts in this region. 

C. te. SCHUSTER* 


Introduction 

Early settlers in the Pacific Northwest 
found the Indians using the few edible 
jiuts indigenous to that section. These 
were the hazelnut {Corylus calif ornica 
Rose), nuts from the evergreen chinqua- 
pin {Castanopnis chrysophylla Dougl.) 
and acorns from two species of oak 
{Quercus garryana Dougl. and Qaercus 
kelloggii Newb.). The pioneers them- 
selves regularly gathered and used the 
hazel and chinquapin nuts, but the 
acorns w'ere used only in eases of dire 
emergeiK'y. 

Chinquapin 

The chinquapin is widespread through- 
out the area west of the Cascade moun- 
tains. It is most common in the foothills 
or lower mountains where it at times be- 
comes very abundant. A few years after 
forest fires in such sections, small chin- 
quapin trees can be seen even ahead of 
other native trees. The nuts are small, 
resembling a beechnut, and relatively 
hard shelled for that type of nut. The 
difficulty of extracting them from spiny 
burs, competition with squirrels, and the 
occurrence of worms in the nuts often 
make gathering of the w'ild crop slow’ 
and tedious. But in spite of that, these 
nuts have in the past been vseen on the 

1 Horticulturist, Division of Fruit and Vege- 
table Crops and Diseases, Bureau of 1 lant In- 
dustry, Soils, and Agricultural Engineering, 
Agricultural Besearch Administration, United 
States Department of Agriculture, Corvallis, 
Oregon. 


market. No attempt has been made to 
improve by culture or select improved 
types for commercial use so far as is 
known. 

The chinquapin tree reaches a height 
of 50 to 100 feet. On the average, 
though, most trees will be found smaller. 
Value for lumber purposes is only fair, 
as the logs are too small. The evergreen 
foliage and general appearance of the 
tree cause it to be used occasionally as 
an ornamental shrub or tree. 

Hazelnut 

Wild hazelnuts were apparently used 
more extensively by the Indians and 
pioneers than w ere chinquapin nuts. 
The nuts, while small and very hard 
shelled, still produced more edible food 
and were more easily gathered. Until 
the cultivated filbert w’as regularly sold 
in the markets, wild hazelnuts for sale 
could usually be found in small quanti- 
ties each year in spite of importation of 
the European filberts. 

The w’ild hazel bush is quite variable 
in size. On a dry rocky hillside it may 
never exceed eight feet in height. On 
fertile river bottom soil, crowded by 
competing grow’th of other kinds of trees 
and shrubs, it has been reported to reach 
a height of 30 feet. No use is made of 
the Avood in any form. 

Acorns 

The acorns of the Oregon white oak 
(Quercus garryana) and the California 
black oak (Q. kelloggii) were apparently 



Fig. 1 {Upper), Barcelona filberts, the principal variety grown in the Pacific Northwest. 
Fig. 2 {Lower), Acorn^j^jpP^n in southern Oregon. 

in steady use by the Indians. Within the nuts. From limited information 
recent years caches of such nuts have more use was made of the acorn in the 
been plowed up where they were buried southern part of the State of Oregon 


in wet ground to remove the tannin in than in the northern parts. The north- 
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ern limit of the black oak is about in the 
Umpqua Valley of Oregon. The white 
oak is distributed from the northern to 
the southern boundaries of Oregon and 
northward through Washington, but the 
most productive areas are in the southern 
counties of Oregon. There the produc- 
tion of acorns is heavier and the size of 
the nuts larger than in the north, for 
instance, in the Willamette Valley. The 
lumber does not rate so high in value as 
does that of the white oak of other parts 
of the country, though it is used to a 
certain extent for furniture and similar 
purposes. 

Walnuts 

When the settlers came across the 
plains in the 1830 ’s and 1840 ’s they fre- 
quently brought along nuts of the black 
walnut (Juglam nigra L.), thus intro- 
ducing this crop into the Pacific North- 
west. When Henderson Luelling started 
his traveling nuraery across the plains 
in 1847 he planted some black walnuts 
and hickory nuts in the wagon beds con- 
taining the nursery trees he was bring- 
ing to Oregon. These came up enroute 
and were undoubtedly distributed to the 
pioneers. 

Soon after establishing the nursery 
at Milwaukie, Oregon, Luelling began 
growing Persian (English) walnut (Jug- 
lam regia L.) seedlings. The oldest sur- 
viving trees of this early date were 
planted in 1854 or 1856 near Scottsburg, 
Oregon, while one nut that was planted 
in 1855 near Dayton, Oregon, by Mrs. 
Joel Powell grew into an extremely large 
tree. Commercial plantings of Persian 
walnuts began in 1892 and were confined 
to seedlings, generally of French varie- 
ties. It was not until after the first 
World War that seedling trees were no 
longer sold and all plantings oonsisted 
of grafted trees, nearly all of the Pran- 
quette variety. 

Varieties of Persian walnuts have been 
largely grafted onto seedling rootstocks 


of Hinds black walnut (Juglam hindsii 
Jeps.) , commonly known as the Northern 
California black walnut. When white 
men came into northern California there 
were two small isolated stands of these 
trees which were soon cut down. Since 
then the nuts used by nurserymen have 
come from roadside trees. After the 
grafted trees reach an age of 15 to 30 
years the union between the rootstock 
and the scion part of the tree often fail 
to form, and a layer of corky tissue 
develops. In a few years after this 
begins, the trees die. Many explanations 
have been suggested for this behavior. 
The most probable one seems to be that 
this trouble occurs when the rootstock 
is a hybrid; and since the seed parent 
trees are roadside or dooryard trees, 
usually not far away from Persian wal- 
nut trees, in many cases the seedlings are 
natural hybrids. Some have resorted to 
seedling rootstock grown from nuts of 
the Franquette to avoid this trouble, and 
others have rogued out the evident 
hybrids of the Juglam hindsii from the 
nursery. However, production of nur- 
sery trees for several years has been 
very small and of little commercial im- 
portance. Production of walnuts on the 
Pacific Coast has been rapidly increasing 
so that the marketing problem up to the 
time of World War II was very serious. 
With the advent of the war and the 
elimination of foreign imports the prices 
of walnuts rapidly rose, and walnut 
orchards were very profitable; but since 
the end of the war the market has been 
declining. 

The tonnage of walnuts has been in- 
creasing steadily for years. The pro- 
duction in 1926 is given as 900 tons for 
Oregon. Since most of the limited ton- 
nage of walnuts grown in the State of 
Washington has been processed at 
Oregon plants or marketed through sales 
agencies in Oregon, the tonnage of the 
two states has always been recorded as 
that of Oregon. The yield in 1946 is 



392 


ECONOMIC BOTANY 


giv«u at 8,500 tons. In 1945, the last 
year for which farm values are avail- 
able, a crop of 6,900 tons was worth 
$3,174,000 to the growers of this terri- 
tory. Comparison of this with a yield of 
900 tons valued at $450,000 shows the 
increasing importance of the walnut crop 
in the economy of this area. 

In the early years of marketing all the 
walnuts were sold in the shell. As the 
tonnage increased and marketing became 
more difficult, a certain percentage of 
the nuts were cracked and the kernels 
sold direct to processors and manufac- 
turers. The trend is more in that direc- 
tion as time goes on, though it was in- 
terrupted by the war. 

Such byproducts as walnut oil are 
negligible or non-existent. One product 
— ground walnut shell or walnut flour — 
is on the market commercially. Any 
other byproduct, if being sold at all, is 
marketed only in very limited amounts. 





However, byproduct possibilities are 
being explored intensively at this time. 

As the walnut orchards became older 
and crowded, it was necessary to pull 
out part of the trees. Attempts to dis- 
pose of the trunks to make into lumber 
have been unsuccessful for the most part 
in Oregon. Even in the case of the black 
walnut, only the very old trees that are 
suitable for veneer material have found 
a ready market. 

Walnut trees are planted in orchards 
at distances of 40 to 60 feet apart. The 
orchards are either the sole project of 
the owner or are a part of the farm. 
They are clean-cultivated during sum- 
mer, and a cover crop is planted in the 
fall to plow down in the spring. The 
disease control work needed consists of 
spraying or dusting before and after 
full bloom, two to four times in all, to 
control walnut blight. Harvest is 
usually in October. The nuts are picked 



Eio. 3. Harvesting scene in a walnut orchard in the Willamette Valley, Oregon. 




EDIBLE NUTS OF PACIFIC NOBTHWE8T 


393 


from the ground on a piecework basis. 
Shaking the trees to bring down the ripe 
nuts may or may not be needed, depend- 
ing on the weather. If there are numer- 
ous rains the nuts fall readily, free of 
the husk. After picking up, the nuts 
are thoroughly machine-washed and then 
dried in dryers. As time goes on com- 
mercial or cooperative dryers handle an 
increasingly large part of the crop. The 
nuts are then bleached, graded and 
packed according to the State grading 
laws and the demands of the market. 

Filberts 

Filbert growing has followed the same 
pattern of development as did walnut 
growing, except that it was two or three 
decades later in starting and, when once 
started, proceeded at a much more rapid 
rate. While walnut planting has nearly 
ceased for 15 years, filbert planting has 
been heavy, restricted in recent years 
only by the lack of availability of nur- 
sery stock. 

In 1929 there was recorded a yield of 
200 tons and in 1946 it was 8,950 tons. 
In 1929 the value of the crop was $60,- 
000, while for the three years 1943, 1944 
and 1945 the average farm value was 
$3,286,000 annually. 

Filbert trees are planted at the rate 
of about 70 trees to the acre. Culture 
and care are essentially the same as for 
other nut trees. One or two spray ap- 
plications are becoming necessary each 
summer to control the filbert worm. 
Nuts are picked from the ground. In 
the case of the Barcelona, the main 
variety in Oregon, the nuts fall free 
from the husk. In the ease of DuChilly, 
the dominant variety in Washington, the 
nuts must be threshed out of the husks. 
As with walnuts, the nuts are washed 
after picking, then dried, bleached, 
graded and packed. All grading and 


packing is done in centralized plants. 
As yet, most of the nuts are sold in the 
shell, but the percentage of the crop that 
is cracked and sold as kernels is increas- 
ing rapidly. A few of the kernels in 
the past have been toasted, salted and 
sold in small packages. Such an outlet 
is again assuming importance. 

The six-million-dollar walnut and fil- 
bert industry is contained in the area of 
Oregon and Washington that is west of 
the Cascade mountains and east of the 
Coast Bange mountains of Oregon and 
the corresponding territory in Washing- 
ton. Ninety per cent of the income fiows 
into the Willamette Valley of Oregon. 
Walnut growing is carried on in a very 
small w'ay in southern Oregon, and ex- 
tends also into the southern counties of 
Washington. Filbert growing is on a 
limited scale in the Umpqua Valley in 
Oregon just south of the Willamette 
Valley. In Washington the filbert grow- 
ing industry extends to the northern 
boundary and over into British Colum- 
bia. 

With a small population in the Pacific 
Northwest, only a small part of the crop 
is consumed in this area; of necessity 
the rest must be disposed of in the large 
centers of population in the eastern part 
of the United States. 

East of the (Cascade mountains in 
Oregon there is no commercial industry 
in either walnut or filbert growing due 
to low winter temperatures and high 
temperatures in summer. 

Attempts in Oregon to grow other tree 
nuts as they are grown commercially in 
other parts of the country have failed. 
Pecan trees grow well but have failed to 
bear. Production of almonds is very 
irregular, and the trees are so subject to 
disease that they are usually very short 
lived. 



Red Squill — Most Specific of the Raticides 

This bulb of the lily family is extremely poisonous 
to mice and rats but relatively non-toxic to domestic 
animals and humans. 

D, GLEN CRABTREE 

Fish and Wildlife Service, Denver, Colorado 


Introduction 

Although the lethal effect of red 
squill bulbs on rats has been known and 
employed since ancient times to combat 
these pests by the peoples inhabiting the 
lands bordering the Mediterranean Sea, 
it has risen to prominence as a modem 
raticide only within the past 20 years. 
This was due largely to accelerated re- 
search on the utilization of red squill in 
rat control operations. In the United 
States steadily increasing amounts of 
this substance have been used in recent 
years, and renewed interest in red squill 
has been evidenced by practically all 
nations. The reason for this universal 
interest lies in the peculiar properties of 
red squill which render it the most spe- 
cific of the raticides now available. Red 
squill, or squill, as it is commonly known, 
is toxic to and, when incorporated in 
suitable bait material, well accepted by 
rats, whereas domestic animals add 
humans find such a combination distaste- 
ful. In addition, squill powders, ex- 
tracts and highly toxic concentrates of 
the active principles are strongly emetic 
in nature. Since rats cannot vomit they 
are unable to rid themselves of the squill, 
as do most pets and humans who readily 
vomit squill baits ingested accidentally. 
These two inherent characteristics cou- 
pled with the fact that squill is a slow- 
acting material sEtakes it by ftr the safest 
of the lethal agents available to the gen- 
eral public for controlling rats. 

The Plant 

Red squill (Urgvnea marUima (L.) 


Baker), commonly referred to as the sea 
onion, is a plant belonging to the Lili- 
aceae or lily family. It is native to coun- 
tries bordering on the Mediterranean 
(Pig. 1) where the bulbs are harvested 
as a wild crop during the period of vege- 
tative dormancy and usually just before 
flowering. The majority of the bulbs are 
sliced for drying, and the dried slices 
or “chips" exported, but a small portion 
of the bulbs gathered each year is ex- 
ported for complete processing at the 
destination. Generally speaking, the 
potency of the bulbs varies with the 
locality from which they are gathered, 
the better quality for rat control pur- 
poses coming from Italy, Sardinia, Sicily 
and the Algerian Coast. The bulk of 
the squill imported into the United 
States during the last few years has 
originated from the latter source. 

Mature red squill bulbs resemble a 
large onion in structure (Pigs. 2-4). 
They are composed of overlapping fleshy 
scales, the outer being a reddish brown, 
and the interior varying in color from 
a light yellow to a deep purple. The 
scales of the central core are usually 
white. The bulbs of commerce ordinar- 
ily weigh from two to eight pounds, but 
some which have been grown for a period 
of years in this country have attained a 
weight of 20 pounds. 

The plants produce their vegetative 
growth, consisting of deep green, blade- 
lik# leaves, in the fall and winter during 
the rainy season, and become devoid of 
foliage in the late spring and summer, a 
period when rainfall is practically nil in 
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the Mediterranean regions where squill 
abounds. During the period of dor- 
mancy when the plants are without 
leaves, usually in midsummer or early 
fall, a single stalk bearing a raceme of 
many flowers emerges and rapidly grows 
to a height of four or five feet (Fig. 2). 
The small white flowers have a narrow, 
light yellow-green stripe running longi- 
tudinally the length of the petal. A 
small band of flowers blooms each day 
progressively up the raceme ; the number 
blossoming on any one day may vary 
from one or two up to as many as 50 or 
more. The fruit is a three-celled cap- 
sule with flat, black, slightly winged 
seeds having a thin, fragile shell. Indi- 
vidual seeds were found, on the average, 
to weigh about two milligrams, and when 
hand pollinated, one flower stalk pro- 
duced approximately 4,800 seed. 

In addition to the red squill, a white 
variety is also available commercially. 
White squill is used in human medicine 
as a heart tonic and nauseant expecto- 
rant. These two varieties apparently 
present no botanical differences. Al- 
though microscopical examination of 
powders prepared from red squill may 
reveal cells containing red pigment, and 
those from white squill usually lack 
them, the biological reactions of these 
substances are the most reliable basis of 
differentiation. 

Whereas red squill exhibits the same 
general properties as white squill, in addi- 
tion, it contains toxic glycosidal com- 
pounds which are generally referred to as 
the ‘ ‘ rat-killing principles ’ ’. In 1942 two 
Swiss chemists reported the isolation of 
the “rat-killing principle” of red squill 
in crystalline form. The compound 
scilliroside isolated by these workers (1) 
was found to contain glucose, and its 
extreme toxicity to rats is emphasized 
by the fact that the average lethal dose 
of the crystals for male rats is only 
seven-tenths of a milligram per kilogram 
of body weight. Thus, it will be noted. 


the toxic principles of red squill, in 
their purified form, are among the most 
potent of rat poisons. Whether scilli- 
roside is the only compound in squill 
that is toxic to rats, remains to be deter- 
mined. 

The tissue of both squills contains 
minute needle-like crystals or raphides 
of calcium oxalate usually embedded in 
mucilage. These crystals are essentially 
non-toxic but are a factor in the nettle- 
like irritation which squill powders cause 
when they come into contact with the 
skin or mucous membranes. The irrita- 
tion caused by squill preparations no 



Fig. ]. Geographical distribution of red 
squill. 


doubt contributes to the objectionable 
taste of squill baits which is evidenced 
by most animals except rats and mice. 
This acrid taste together with its slow 
toxicological action and its emetic nature 
combine to render red squill compara- 
tively harmless to domestic stock, pets 
and humans. 

Preparation and Toxicity 
Since crude red squill powder, the or- 
dinary article of commerce, is prepared 
by merely drying slices of red squill 
bulbs which may come from a number 
of sources, great variations in toxicity 
are encountered when different lots of 
powder are tested biologically. Indeed, 
the toxicity of individual bulbs harvested 
simultaneously from the same region and 
indistinguishable by visual inspection 
were found to vary in all degrees from 
highly potent to impotent. A consider- 





Fio. 2. Essential vegetative features of red squill. (From a water color plate by Ida Hru- 
besty Pemberton, Denver, Colorado.) 1. Mature red squill bulb with flower stalk. 2. Leaves. 
3. Tear old seedling. 4. Two-year-old seedling. 5. Longitudinal section through the center of 
nmture bulb. 6. Leaf scale after planting in sand bed, showing asexual origin of small bulblets 
alonir tne basal edge. 7. Stamen and flowers. 8. Pistil and ovary. 9. Seed pod and seed. > Sec- 
lions 7, 8 and d are drawn to a larger scale than the other elements in this plate. 
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able portion of the bulbs from any one 
area apparently fall into the latter cate- 
gory. From this it is apparent that only 
a small percentage of highly toxic bulbs 
are ordinarily incorporated into crude 
commercial powders. As a result some 
crude powders tested in recent years 
were found to have a toxicity such that 
400 mg./kg. sufficed to kill male rats, 
while others required as much as 3,000 
milligrams of powder per kilogram of 
body weight to produce death. Trans- 
lated into grains per pound the above 
dosages become approximately 2.8 and 
21, respectively. White squill has failed 
to kill rats when administered in doses 
as high as 5,000 mg./kg., and for all 
practical purposes is considered to be 
non-toxic to rats. 

As the male rat is much more resistant 
to the action of .squill than the female, 
the former is most commonly used for 
testing squill products. In accurate bio- 
assays, calculation of the dosage mortal- 
ity curve (3) is the usual method em- 
ployed to determine the LD 50% point. 

Several factors are known or suspected 
to influence squill bioassays : the strain 
of albino rats employed, the age of the 
test animal, previous diet fed and the 
altitude at which the bioassay is con- 
ducted. Of the factors mentioned, the 
strain of rat used is probably the great- 
est single cause of the variable results 
often reported when identical samples 
are assayed at different laboratories. 

Propagation of Red Squill Bulbs 
in the United States 

During the past six years the Wildlife 
Research Laboratory at Denver, in co- 
operation with the Bureau of Plant In- 
dustry, Soils, and Agricultural Engi- 
neering, Department of Agriculture, has 
made experimental plantings of red 
squill bulbs in the regions of the United 
States where mild winter temperatures 
prevail. Prom, several years observation 
of the progress made by bulbs planted 


in selected spots across the southern 
United States from Florida to Califor- 
nia, it appears that red squill grows best 
in the coastal regions of southern Cali- 



Figs. 3 & 4. Method of plug sampling. The 
holes are tilled with paraffin before the bulbs 
are replanted. 


fornia from Camarillo south to Ense- 
nada, Baja California, Mexico. It is in 
this area that the climatic pattern and 
rainfall parallels that of the Mediter- 
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raueau regions to which squill is native. 
The Foreign Economic Administration 
assisted in 1944 by importing 1,500 
mature bulbs from Algeria for propaga- 



Fig. 5. Hoot system developed in one season 
by a mature red squill bulb when grown in a 
large flower pot. 


tional studies in the western hemisphere. 
These, after being plug sampled (Figs. 
3 and 4) at Denver for a toxicity deter- 
mination of each bulb, were sent to En- 


senada, Mexico, where they were grown 
under observation for two years (Fig. 6) . 
In 1946 the bulk of the bulbs were trans- 
ferred to the Torrey Pines Station of the 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering near San 
Diego, California, where propagation 
studies will be continued. Efforts are 
being directed through selection and 
breeding experiments toward the devel- 
opment of a strain having a uniformly 
high toxicity and other characteristics 
suitable for domestic cultivation on a 
commercial scale. Propagation is effected 
by means of bulb cuttings and seed (Pig. 
2). Unfortunately, several years are re- 
quired to produce mature bulbs from 
seed or by the cutting method, and be- 
cause of this fact red squill development 
will of necessity be a long term project. 

Standardization and Fortification 
of Red Squill 

As the utilization of red squill in 
rat control increased, efforts to fill what 
in reality constituted an abnormal de- 
mand for this commodity led to the col- 
lection of squill from all available 
sources. Quality soon became of sec- 
ondary importance, and the average 
potency of sun-dried chips and of bulbs 
reaching the United States fell to a 
point where it could no longer be used 
effectively as a rat control agent. 

Paced with a huge supply of poor 
quality squill already on hand in the 
country and an accelerated need for rat 
control, the Denver Wildlife Research 
Laboratory of the Fish and Wildlife 
Service investigated the problem at some 
length and developed a method for for- 
tifying this type of squill with suitable 
extracts prepared from a portion of the 
same low grade material to a level of 
toxicity at which it could be employed 
against rats with efScient results. The 
method (2) consists essentially of an in- 
termittent, counter-current extraction of 
powdered red squill with an 80% ethyl- 
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alcohol-water solution. Three extraction 
cells were incorporated into the extrac- 
tion process and the solvent routed 
through the system in such a manner 
that each charge of squill was extracted 
five times. The final extract was concen- 
trated in vacuo and proved to be several 
times more toxic on a dry weight basis 
than that accomplished by merely ex- 
tracting a single batch of powder with 
five separate lots of fresh solvent. The 
extract obtained from the counter-cur- 
rent process, after concentration, is 
mixed with a predetermined amount of 
unextracted powder, the mixture dried 
at 80° C., and the dried squill “cake” 
then re-milled to a 20-mesh or finer 
powder. “Fortified” extracts can be 
prepared by merely diluting the concen- 
trated extract with glycerine or any 
other suitable diluent to a desired toxic- 
ity level. Preservatives, e.g., sodium 
benzoate and salicylic acid, are added in 
small quantities to fluid extracts to en- 
hance their keeping qualities. Control 
of the process as well as determination 
of the toxicity of the final product is 
carried out by bioassay procedures using 
male albino rats as test animals. 

The fortified product, powder or ex- 
tract, retains all of the safety factors 
present in crude squill powders and, 
when fortified to a satisfactorily toxic 
level, will, when properly used, effect an 
etfieient degree of rat control. 

As demonstrated by actual operations, 
the more toxic the squill preparation 
used in the baits the greater the degree 
of control attained. In this respect, 
squill powders and extracts having an 
LD 50% for the male rats (lethal dose 
killing 50% of the test animals) of 600 
mg./kg. have given satisfactory control 
when incorporated into highly attractive 
bait materials which were then carefully 
exposed. However, a 400 mg./kg. squill 
is a more desirable product in that the 
animal ingests a lethal dose upon con- 
suming less bait than is required when a 


less toxic squill is employed. An added 
advantage in using the more potent 
squills lies in the fact that less attractive 
and generally less expensive bait mate- 
rials can be used with this type of prod- 
uct. 

Effect on Rats 

Bats that have eaten a fatal dose of 
red squill exhibit a train of symptoms 
which indicate that it acts primarily on 



Fig. 6. Sand beds for propagation of red 
squill by cuttings. This work was conducted by 
the Foreign Economic Administration near En- 
senada, Baja California, Mexico. 

the central nervous system. Within one 
or two hours after the ingestion of a 
killing dose the rat becomes lethargic 
and shows signs of irritation about the 
mouth and nose. After a short period 
tremors and paralysis of the hind legs 
appear. The paralysis progressively in- 
volves the trunk and forelegs, and the 
breathing becomes labored. At this 
stage intermittent convulsions in which 
the rat rolls over and over or rotates 
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on its longitudinal axis provide the most 
characteristic symptom of red squill 
poisoning. During the convulsive phase, 
a rat, quietly resting, may be thrown 
into a series of gyrations by merely dis- 
turbing the cage. The convulsive period 
may last from a few hours up to several 
days and is followed by prostration. 
Death results largely from respiratory 
failure. Upon post-mortem examination 
there is pronounced irritation of the 
upper digestive tract, but this is not 
extensive enough to be fatal. 

Effect on Other Animals 

The statement that red squill is rela- 
tively harmless to humans and domestic 
animals has been repeatedly substan- 
tiated both in this country and abroad. 
This is due in the main to the reluctance 
of animals other than the rat or house 
mouse to eat baits containing red squill. 
This has been found to hold even when 
animals have been kept under conditions 
of enforced hunger and the regular diet 
combined with red squill was the only 
food available. 

Horses and ruminants, such as cattle 
and sheep, as a general rule, almost com- 
pletely refuse food items contaminated 
with red squill. The size of these animals 
affords them additional protection be- 
cause of the large amount of a 10% ted 
squill r^t bait that would be required to 
produce a toxic reaction. 

Pigs normally show a marked aversion 
to red squill, and it is quite unlikely that 
hogs will voluntarily eat enough of a 
red squill rat bait to provide a lethal 
dose. One-half pound pr more of a red 
squill rat bait would be required to kill 
an adult hog. 

Dogs and cats, particularly the latter, 
consistently refuse red squill baits, and 
if eaten profuse vomiting usually is the 
only consequence. 

Pigeons were found to refuse food con- 
taining red squill, and crop vomiting was 
the only response when red squill was 
injected directly into the crop. 


Chickens proved very resistant to the 
action of red squill, although they read- 
ily eat red squill when it is combined 
with their food. In this regard, adult 
chickens have been maintained in good 
health for long periods when 10% red 
squill was added to the daily ration. It 
is unlikely that baby chicks will eat 
enough red squill bait to cause injury. 

Field rodents, such as the prairie dog, 
pocket gopher or woodchuck, refused to 
eat toxic quantities of red squill baits. 

House mice do not hesitate to eat red 
squill baits, but due to the feeding habits 
of this animal an effective degree of con- 
trol through the use of red squill is not 
often attained. The house mouse tends 
to feed frequently and usually takes only 
small amounts of food at each feeding. 
In view of this peculiarity, it is probable 
that sufficient time may elapse between 
feedings to allow the initial symptoms of 
red squill to develop and thus prevjsnt 
the consumption of a lethal dose of bait 
through subsequent feedings. 

Under conditions of forced feeding or 
stomach tube administration, it has been 
demonstrated that red squill is about 
equally as toxic to most animals as it is 
for the rat. Protection from red squill 
is afforded by the marked unwillingness 
of most animals to accept food contain- 
ing it, by its producing vomiting in those 
animals which are able to vomit and by 
its being more or less non-toxic to some 
forms, for example, poultry. Since the 
total amount of red squill necessary to 
produce toxic symptoms or death in any 
animal varies with its weight, the larger 
animals find additional protection in that 
relatively large quantities of a 10% red 
squill rat bait must be ingested to cause 
serious effects. 

Below are some of the approximate 
lethal doses of red squill which have been 
listed in the literature or which were 
obtained through forced feeding or stom- 
ach tube administration of - red squill to 
various farm animals. For comparative 
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purposes the toxicity of the squill used 
is also given for rats : 


ANIMAL 


Cattle 
Horses 
Sheep 
Pigs . 
Buts . 


LKTBAL DOSE IN MILLI- 
GRAMS OF RED SQUILL 
PER KILOGRAM OF 
BODY WEIGHT 
200 
200 
200 
200 
200 


Accidental ingestion of red squill rat 
baits by humans has occurred many times 
with vomiting the only discomfort en- 
countered. As an experiment, one indi- 
vidual took 40 grains of red squill pow- 
der. Nausea and vomiting occurred 
within 15 minutes and no other symp- 
toms developed. . 

Although red squill can be used about 
the home or farm with little danger to 
individuals or domestic stock, it must be 
remembered that if the baits are eaten 
or scattered by animals other than those 
for which they were intended, they may 


no longer be available for killing rats. 
It is also possible that under some con- 
ditions which have not as yet been fully 
investigated the irritant qualities of red 
squill may prove hazardous to animals 
not in good health. For the above 
reasons it is obvious that insofar as pos- 
sible, red squill baits should be placed 
in such a manner that animals other than 
rats and mice will not have ready access 
to them. 
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Jojoba. In the desert regions of the 
southwestern United States there is a shrubby 
plant, up to four feet tall and known as goat 
nut or jojoba (pronounced ^‘hohoba”), that 
has possibilities as a coniinercial source of 
oil. The seeds contain about 48% of oil 
which has been used locally as a hair tonic, 
and an old Spanish account of 1789 attributes 
medicinal virtues to the plant, holding it to be 
a cure for wounds and a remedy for cancer. 
The acorn-like fruits have long been eaten by 
Indians and others, and cattle are fond of 
both fruits and leaves. 

In 1933 it was discovered that the so-called 
oil in jojoba seeds is a liquid wax, as is sperm 
oil; all other known seeds contain fatty or 
glyceride oils. Patents have been issued on 
a rubber-like substance made from the oil; 

use of the oil in shortening and other food 
"products to delay their becoming rancid ; and 
on use of it in printer’s ink and as a lubricant 


for delicate instruments. Application for a 
patent was made about six years ago to cover 
the hydrogenated wax which is suitable for 
candles, since candles made from it do not 
melt before being used, even in the hot Ari- 
zona climate. In hardness jojoba ranks next 
to carnaiiba wax and competes with it in 
some uses. 

After the oil is removed from the seed the 
residue is suitable for stock feed and can be 
used also in plastics. A beverage has been 
made from the ground and roasted seed, and 
sometimes the fruits are eaten directly from 
the bushes. 

In the spring of 1946 at least one ambitious 
commercial planting of jojoba was under- 
taken in the Southwest, but before the end 
of the year it was abandoned to a large ex- 
tent. {Margaret Douglas, Jour, N, Y. Bot, 
Garden 48: 29. 1947). 



Botanical Drugs — A Brief Review of the 
Industry with Comments on Recent 
Developments 


Old-World sources of botanical drugs are still fore- 
most, despite attempts during the two World Wars 
to develop American sources of Digitalis, Juniper 
berries, African peppers. Spearmint, Peppermint, 
Belladonna, Rhubarb root. Arnica dowers. Stra- 
monium, Chamomile dowers and Fennel seed. 

B. P. WOODWARD 

aV. B, Penick 4“ Company y New York, N, Y, 


Early History 

The history of the crude drug in- 
dustry, both the commercial and techni- 
cal aspects, probably began with the first 
barter arrangements between an ailing 
clan member and the corner witch doc- 
tor. 

The earliest graphic records contain 
references to plants being cultivated or 
collected for use in medicine. A few 
hundred drugs were known to the As- 
syrians in 2500 B.C., and the famous 
“Papyrus Ebers” of 1600 B.C. records 
many Egyptian medicines and prepara- 
tions then in established usage. Arabic 
writings dating from 1300 to 700 B.C. 
also contain numerous references to work 
in natural history, including medicinals, 
and the activities of Alexander the 
Great, naturalist, should be recalled as 
important contributions of the years 
around 320 B.C. 

About 75 B.C. the outstanding work 
of the era lyas published — “De Materia 
Medica”— authored by Dioscorides, the 
renowned Greek physician. This work 
considered in detail several thousand 
botanicals and remained the authority 
for 15 centuries. 

The next significant advances were 
made in comparatively recent times, 


being the works of Brunfels, Valerius, 
Cordus, Linnc, and the fundamental 
studies in comparative plant anatomy by 
Schleiden. 

Pharmaceutical botany, and pharma- 
cognosy, as we know them today, had 
their commencement in the writings of 
T. W. C. Martins and O. Berg, and later 
in the 1800’s of Oesterle, Fluckiger, 
Moeller, Hanansek, Gilg, Tschireh, Han- 
bury. Greenish, Wallis and Von Mueller. 
These men were all continental Euro- 
peans with the exception of Greenish 
and Wallis who were British. The 
prominent early Americans active in this 
field were Millspaugh, and Bentley and 
Trimen. At the turn of the twentieth 
century, Rusby and Kraemer came to the 
foreground. 

Concurrent with these scientific pur- 
suits were important discoveries made in 
less learned circles. The first radiolo- 
gists were the natives of the Belgian 
Congo who obtained seemingly miracu- 
lous cures for certain bodily ailments 
when they immersed themselves in se- 
lected wallows. Radium was later ex- 
tracted from ores mined in these areas, 
’{'he ancient Chinese healed suppurating 
wounds with green molds — ^penicillin in 
its infancy. And Gien there was the 
famous Shropshire housewife who sug- 
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gested the present medicinal usage of 
digitalis in heart disorders. 

Witch doctors, folk-lore and old-wives- 
tales have all made valuable contribu- 
tions to our present Materia Medica. 
Some of their remedies have fallen into 
disrepute, but a few valuable contribu- 
tions remain. 

As various explorations broadened the 
geographical horizons, new medicines 
were introduced into practice. First 
they were offered for sale from the ship’s 
cargo, later imported by general mer- 
chants, and in the last few hundred years 
importers handling drugs exclusively 
came into prominence — ^first in Europe, 
then England and lastly in America. 

At the same time, the apothecary was 
extending his operations to include mer- 
chandising wholesale quantities of drugs. 
A combination of these two fields was 
now a logical step. Most of the Ameri- 
can companies started out as commission 
houses, small importers or, like ourselves, 
as collectors and merchants of domestic 
botanicals. It was a natural expansion 
to include imported drugs, insecticides, 
gums, spices, essential oils and resins as 
well as plant derivatives, such as glyco- 
sides, alkaloids, oleoresins and many 
other items of related origin. 

A group of sales invoices from those 
times would show a peculiar assortment 
of transactions, such as carrying Ergot* 
from Europe for obstetrical use by a 
pharmaceutical manufacturer, gum tra- 
gacanth {Astragalus sp.) from western 
Asia and southeastern Europe for a 
manufacturer of printed textiles, cuttle- 
fish bone (Sepia officinalis L.) for a pet 
shop to sharpen parrots’ beaks, pyreth- 
rum (Chrysanthemum Leucanthemum 
L.) from Africa for control of agri- 
cultural insect pests, juniper berries 
(Juniperus communis L.) from central 

^ Ergot is the dried sclerotium of the fungus 
Clavicepa purpurea (Fries) Tulasne developed 
on rye plants infested by it. See article on 
ergot in this issue. 


Europe for a gin distiller, sage leaves 
(Salvia officinalis L.) from central 
Europe for the butcher, poppy seed 
(Papa/ver somniferum L. var. nigrum 
D.C.) from Holland for the baker, and 
gum olibanum (Boswellia sp.) from 
Arabia for the candlemaker. 

Uses, Sources and Variety 
of Drugs 

It is interesting to note that some offi- 
cially recognized drugs find their great- 
est use in fields other than pharmacy or 
medicine. 

Licorice root (Olycyrrhiea sp.) from 
southeastern Europe and the Occident, 
for instance, is used primarily by the 
tobacco industry, secondarily by confec- 
tioners and least of all in medicine. As 
for soap bark (QuUlaja Saponaria 
Molina) from Peru and Chile, every time 
a pound finds its way into a pharma- 
ceutical, a ton goes to industrial users 
in many lines, for example, the manu- 
facture of fire-extinguishing solutions. 
And karaya gum (Sterculia sp.) from 
Persia is vastly more important to the 
food industries than it is to pharma- 
ceuticals. But before the reader is mis- 
led, we hasten to say that the majority 
of drug sales has a very definite leaning 
towards the side of medicine. There is 
hardly a dicotyledonous plant family in 
Engler & Gilg’s list which does not con- 
tribute to the Materia Medica. Every 
plant part is represented in one or an- 
other drug, and with some plants, vari- 
ous parts or a combination of parts are 
used. Roots, stems, leaves, flowers, 
fruits, seeds, rhizomes, bulbs, barks, 
flower buds, pollen, all these and other 
organs or tissues are to be found. 

Geographically speaking, the world is 
our garden, both the land and water 
areas — cod-liver oil for vitamin nutrition 
from the Arctic, buchu leaves (Barosma 
sp.) for urinary disorders from Cape- 
town, Moroccan coriander seed (Corian- 
drum sativum Ij.) for flavoring purposes, 
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and kava kava root {Piper methysticum 
Foster) for its diuretic qualities from op- 
posite points on the equhtor. 

The extremes of time yield their 
valued products : Diatomacequs earth for 
filtering purposes is obtained from de- 
posits several million years old, and 
sweet-scented Balm of Gilead buds 
(Papulus eandieang Alton, P. Tacama- 


Planchon), the infusion of which serves 
as a bitter tonic ; and the spores of lyco- 
podium (Zr. clavatum), used as a protec- 
tive dusting powder for pills and in fire- 
works. 

Some items, e.g., chamomile fiowers 
(Matricaria Chamomilla L,), of domestic 
and European production, a tonic and 
gastric stimulant, require little handling 



Fig. 1 . A scene in the mountains of North Carolina, near Asheville, where considerable 
botanical material is collected for processing in the drug industry. 


hacca Miller), as an ingredient in cough 
medicines, are gathered in the early 
spring before they start to open. 

There are big plants and little ones: 
eucalyptus (E. globulus Lab.) the oil of 
which possess a variety of pharmaceuti- 
cal properties, and drosera (P. rotundi- 
foUa L., D. anglica Hud., D. longifolia 
L.) used as an expectorant in bronchitis 
and coughs; big parts and little ones: 
quassia logs (Picrasma excelsa (Swartz) 


at their source of origin other than dry- 
ing and packing for shipment. On ar- 
rival at New York such medicinals are 
sold mostly in original packing, although 
some quantities are repacked into con- 
siderably smaller units, such as five 
pounds, or as little as one ounce. 

Digitalis leaves (D. purpurea h.), also 
of domestic and European production, 
require -expert hapesting, drying and 
special packaging to insure retention of 
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maximum potency and to comply with 
official standards. 

Senna pods {Cassia Senna L., Cassia 
angustifolia Vahl.), from the Sudan and 
India, for use as a purgative, and juni- 
per berries require hand-picking to pro- 
duce top quality material. Cardamon 
fruits (Elettaria Cardamomum Maton) 
for flavoring, from India, must be graded 
and usually are bleached before packing. 
Numerous other items receive some de- 
gree of grading, picking, sorting and 
cleaning, with much of the work done by 
hand or by the use of rather primitive 
machines. 

Some items require a curing process 
to prepare them for market. Gentian 
root {Gentiana lutea L.) from France 
and Spain for use in tonics, and kola nuts 
( Cola nUida and other sp. ) from Jamaica, 
Nigeria and Liberia for their stimulating 
quality are good examples. Gentian is 
a well established simple bitter — one of 
the be.st. The roots are collected from 
plants two to five years old, and more. 
These roots (and rhizomes) are gathered 
into mounds and allowed to dry and fer- 
ment slowly. The internal color slowly 
changes from white to medium brown, 
and the characteristic odor and taste de- 
velop. 

Kola nuts are the fleshy cotyledons of 
the seed. When fresh, their internal 
color is comparatively light, but on ex- 
posure to light and air, the color gradu- 
ally darkens, as does a slice of fresh 
apple, until it becomes a dark reddish- 
brown. The dried kolas are quite hard 
and tough. 

Most of the manufacturing is carried 
out with the crude materials after ar- 
rival in the United States, one very good 
reason being that milled drugs are duti- 
able at 10% ad-valorem, whereas most 
crudes are free of duty. Another reason 
is the lack of special machinery and 
skilled labor in the producing areas, with 
the rei^ultant lack of economical opera- 
tion and, even more important, the ab- 


sence of stringent quality control in for- 
eign areas. 

Practically all drugs require some 
milling on arrival to make them ready 
for the manufacturer or other consumer. 
Sifting, reconditioning, grinding, cut- 
ting, powdering, grading, blending and 
many other types of specialized machine 
processes are required to produce the 
varied finished goods. 

Although it is not within the province 
of the industry to manufacture such 
classes of finished drug products as tab- 
lets and pills, tinctures and syrups, it is 
often of service to facilitate operations 
for pharmaceutical manufacturers by 
changing the crude drug into a more 
readily utilizable product such as an 
oleoresin or an extract. Extracts rep- 
resent the total soluble constituents of 
the original drug and are produced by 
maceration, percolation, filtration and 
evaporation to a consistency resembling 
that of honey, or to a solid which is 
powdered before packaging. Kola nuts 
are freqiiently proees.sed in this manner. 
Oleoresiiis of capsicum (C. frutescens 
L.), from Louisiana, Zanzibar, Mombasa, 
Nyassaland and Sierra Leone for me 
as a stimulant and condiment, are mix- 
tures of the volatile oils and the soluble 
resins in the crude. They are obtained 
by percolation with ethjd alcohol or some 
similar solvent, filtration and 'evapora- 
tion, As with extracts, low heat and a 
high vacuum facilitate the evaporation 
process. 

Concentrations, another type of prod- 
uct, are manufactured by precipitating 
out of an alcoholic solution mixtures of 
certain active resinous principles of an 
indefinite nature, as with leptandra 
{Veronica virginica L.) of the Southern 
Appalachians, from which leptandrin is 
made for use as a cathartic and emetic. 
This is accomplished by pouring a con- 
centrated solution into water, then sepa- 
rating and drying the precipitate. 

Jalap root {Exogonium purga Wen- 
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FiQ. 2 (I7pp^r). A portion of the equipment neceeenry for modem high-fractionation proe- 
esiing of botanicals. Fig. 3 {Lower). Some of the modem equipment employed in alkaloid* 
Aniidiing operations of botanicals. 




BOTANICAL DRUGS 


407 


deroth) Bentham from Mexico for ca- 
thartic use and other plants are extracted 
of their resins in a manner similar to the 
production of oleoresins. 

When only one active principle is de- 
sired, more delicate operations are in 


order. Various members of the Solan- 
aceae {Hyoscyamus muticus L., Datura 
Metel L.), for instance, are granulated, 
extracted by means of immiscible sol- 
vents, evaporated and re-extracted with 
a volatile solvent to yield such valuable 



Fig. 4. Other equipment in a high-fractionation department. 
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alkaloids as atropine %nd scopolamine, 
which are crystallized and recrystallized 
by means of appropriate solvents. If an 
acid salt is desired, such as the sulfate, 
the properly acidulated aqueous solution 
is crystallized. 

It is difficult to give a general proce- 
dure for 'the manufacture of glycosides, 
as the method varies with the stability of 
the product. Some are obtained by pre- 
cipitating an aqueous extract with tannic 
acid, removing the precipitant as an in- 
soluble metal salt and crystallizing from 
the purified aqueous solution. 

On the surface these operations might 
appear to be relatively simple, but in 
actual practice the various procedures 
become an art and a science learned only 
after long apprenticeship and years of 
experience. 

Various aromatic plants and plant 
parts are steam-distilled to yield their 
valuable essential oils. Usually redistil- 
lation and/or fractionation is a neces- 
sary step in the production of an oil of 
high quality. 

As one thing leads to another, the 
manufacture of synthetic perfume and 
fiavoring materials follows, as does the 
production of heavy organic and metal- 
organic compounds. Many so-called 
“synthetic aromatics” are derived from 
chemically related crude materials of 
natural origin. It becomes evident that 
although the crude drug industry is 
mainly concerned with botanicals, sev- 
eral other classes of items are dealt with. 
These other groups are mentioned occa- 
sionally in this article in order to leave 
a more accurate impression. 

Butin is another item of interesting 
manufacture which is currently obtained 
from green buckwheat. This chemical, 
regarded as a vitamin-P analog, has re- 
cently enjoyed an upsurge of popularity 
in medical circles for treating capillary 
fragility. 

From the soil we get Bacillus brevis 
which is used in cultures to produce 


tyrothrycin, recently discovered as 
being of considerable value as an anti- 
biotic. Many botanicals are presently 
being screened for their possible value 
as antibiotics. 

By these, and other processes, a 300- 
pound bale of leaves is reduced to a few 
ounces of alkaloid; a ton of flowers be- 
comes a small flask of oil ; or the pungent 
capsicum is concentrated in potency to 
the tongue-tingling peak of “red dyna- 
mite ’ ’. 

Drug Identification and 
Evaluation 

Identification and evaluation of crude 
drugs constitute both an art and a sci- 
ence. Many of the finer points of evalua- 
tion are learned only through long ex- 
perience, as is the case with tea-tasters, 
perfumers and sin^ilar artisans. Drugs, 
once identity has been established, are 
judged solely according to their physical 
and chemical analyses, and the services 
of chemists, pharmacognocists, pharma- 
cologists and physicists are all necessary 
in carrying out this work. 

Primary identification is usually based 
on botanical, or more specifically, phar- 
macognostical methods. There is no such 
practice as “keying-out” a root or a 
bark. Identification is based on visual 
and microscopical inspection, later to be 
checked by chemical and other means. 
This procedure is reliable whenever the 
item in question is reasonably well 
known and established, but if the root 
or bark, or other plant part, is a new 
item, purely botanical methods are em- 
ployed, working from herbarium speci- 
mens. 

Quality and purity are judged by 
these same methods plus chemical and 
microchemical tests, biological assays 
and examination by physical methods, 
employing such apparatus as the ultra- 
violet light. 

Intentionally, or by accident, botani- 
cal drugs -are subject to contamination, 
adulteration and substitution. As for 
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contamination, this is usually the result 
of ignorance or carelessness on the part 
of the producer or collector. Occasion- 
ally drugs become contaminated with 
foreign odors or flavors from other mer- 
chandise stored close by. Inclusion of 
more than the allowed percentages of 
foreign organic or inorganic matter is 
classed as adulteration. For example, 
5% of stems are allowed in ipecac root 
(Cephaelis acuminata Karsten, C. Ipe- 
cacuanha (Brotero) A. Richard) from 
Brazil and Central America for use as an 
emetic, and inclusion of a higher per- 
centage would be regarded as adultera- 
tion. The borderline between contami- 
nation and adulteration is rather finely 
drawn, especially in legal circles. If the 
adulteration is intentional, the unscrupu- 
lous producer usually resorts to the 
cheapest and most convenient material 
at hand. Odd lots of such items from 
the fields or warehouses, or any other 
substance that the seller can introduce, 
are utilized if the .seller believes there is 
little chance of detection. Rocks, stones 
and scrap iron are now less frequently 
encountered, but occasional attempts are 
made with an embarrassing lack of suc- 
cess. Experience .shows there to be no 
such thing as a “common” adulterant 
if the introduction is intentional. Sub- 
stitution of some other item, in whole or 
in part, occasionally happens. Here 
again, ignorance of the shipper is usually 
the cause. Several drugs are subject to 
substitution whenever easily mistaken 
unwanted plants of similar appearance 
grow in the same area with the proper 
species. 

Domestic Cultivation and 
Gathering 

The botanical drug industry was both 
handicapped and stimulated by the two 
World Wars. Because certmn plants 
are indigenous to relatively small areas, 
or because only those obtained from cer- 
tain areas are of medicinal value, or be- 


cause it is economically practical to pro- 
duce or collect only from certain areas, 
most nations are, comparatively speak- 
ing, pitiably reliant on other nations for 
their requirements of crude drugs. Dur- 
ing World War I the' Americas sought 
a solution to this situation with varying 
degrees of permanency and success. 

Cinchona was indeed a proverbial 
“thorn”, as will be seen later, and it 
was not until the second war that the 
United States had any degree of inde- 
pendence from the production of this 
material in the East Indies. 

Before the close of World War I 
certain shortages in drugs, other than 
that of cinchona, were lessened by 
domestic cultivations. African peppers 
were grown in South Carolina, spear- 
mint {Mentha spicaia L.) and pepper- 
mint (Mentha piperita L.) in Wisconsin 
and belladonna (Atrupa Belladonna L.) 
in California to a limited extent, while 
digitalis w'as collected from wild growth 
in Washington and Oregon. 

All these efforts had their basic ob- 
.staeles. Food crops Avere of paramount 
importance throughout the world. High 
labor costs in the States were a serious 
economic handicap to most projects. 
Propagating material was difficult if not 
impossible to obtain. Natural habitats 
were difficult to .satisfactorily duplicate. 
Perennial herbs and woody plants were 
slow to yield a harA^est. 

When World War II materialized 
there was a body of experience and a 
nucleus of former productions. There 
Avas the realization that much work had 
to be done and that several years would 
pass before the opening up of former 
sources of supply. Here, time prodded 
with an urgency and an ominous warn- 
ing as to the consequences of shortages 
in critical materials. 

When the probable geographical ex- 
tent of the war and its possible duration 
became apparent, considerable effort was 
expended to plan some relief from the 
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inevitable scarcities. After the expen- 
diture of concerted effort by field men, 
two important domestic collections were 
started, digitalis leaves and juniper ber- 
ries. 

Digitalis was formerly imported in 
quantity from southern Europe, espe- 
cially the Balkans. It is not uncommon 
in other countries also, and it is well 
known in many flower gardens as the 
popular foxglove. Fortunately it grows 
rather profusely in the foothills of 
Washington and Oregon. Although it 
meant higher prices, due to the cost of 
domestic labor, sizable quantities were 
collected in these two States. 

Not being satisfied with the uneven 
quality and the mounting costs, the 
domestic cultivation of this highly valu- 
able plant was undertaken. The first 
real crop of digitalis was harvested in 
Because the plant lends itself to 
nr, jlihanized agriculture, and because of 
the steady demand, its cultivation will 
probably be continued. 


Disregarding the economic risks be- 
ing taken, careful plans for greatly in- 
creased production were laid for 1942. 
Acreage was contracted for in Penn- 
sylvania, New Jersey, Ohio, Tennessee, 
Wisconsin and Virginia. Greenhouse 
space was obtained after much effort 
from nine nurseries. Five million bel- 
ladonna seedlings were grown, trans- 
planted twice by hand and rushed to 
216 farmers for setting out in the fields. 
Special dryers were built, each of which 
could efficiently dry two tons of leaves 
every 24 hours. 

Pennsylvania and Wisconsin had the 
best yields. The work continues and 
the valuable records will be available if 
ever again the project has to be resumed. 

The following summary of yields and 
assays for the belladonna leaf crops is 
of interest. It should be borne in mind 
that the U. S. Pharmacopoeia XIII 
requires a minimum of 0.3% total 
alkaloids. 

Attempts to grow rhubarb roots 


YnXDS AND ASSAYS OF DOMESTIC BELLADONA 


'./Ht 

A 

STATE 

NO. or 

FARMERS 

AVERAGE 

YIELD 

PER ACRE 

New Jersey 

1 

530 lbs. 

0^10 . .. .. 

3a 

309 

Pennsylvania 

73 

787 

Tennessee 

30 

162 

Virginia 

26 

207 

Wisconsin 

56 

970 


Belladonna was placed in elevation 
at an even earlier date, there l^ing no 
accessible foreign areas where it could 
be collected in sufficient amount. Dur- 
ing the first World War a i^mall quantity 
was grown in California, but not on a 
scale or with success Comparable to 
operations during the more recent war. 
In cooperation with the Bureau of Plant 
Industry, a quantitj^ of seed was pro- 
cured. Private negotiations with Switz- 
erland yielded a few more pounds, and 
in 1941 the first crop was harvested. It 
was disappointingly poor. 


PERCENTAGE OF TOTAL ALKALOIDS 


LOWEST 

HIGHEST 

AVERAGE 

ASSAY 

ASSAY 

ASSAY 

.43% 

.52% 

.47% 

.47 

.48 

.475 

.34 

.64 

.52 

.44 

.57 

.53 

.52 

.55 

.54 

.38 

.60 

.46 


(Rheum officinale Baillon, B. palmatum 
L.) for laxative use in the United States 
was disappointing. The plant requires 
the steady, slow development and growth 
conditions of central China to produce 
a large, compact, medicinally effective 
root and rhizome. 

The increasing shortage of juniper 
berries was taken care of by extensive 
collections, principally by farmers in the 
Sta;^ of Maine. At first the individual 
lots were small and of uneven quality, 
and every eraceivable type of packing 
was used, including old pillow slips. A 
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good bit of sifting and grading had to be 
done on these early lots. But as the 
collectors gained experience, the quality 
soon improved to a point where the 
finished product compared quite favor- 
ably with berries foimierly imported 
from southern Europe. 

Arnica flowers (A. Montana L.) for 
treating bruises and sprains presented a 
somewhat different problem. The Euro- 
pean Alps are the iisual commercial 
source. This species of Arnica is not 
found growing in America nor is it a 
practical crop for cultivation. Research 
revealed that several species native to 
the western United States were accept- 
able in medicine, and some of them were 
made official in Supplements of the Na- 
tional Formulary VII and in the Na- 
tional Formulary VIII, namelj% A. ful- 
gens Pursh, A. sororia Greene and A. 
cordifolia Hooker. These species grow 
quite profusely in the alpine meadows 
of the Rocky Mountains, especially in 
Colorado. Domestic collection was initi- 
ated with success and continues in view 
of the shortage of acceptable qualities 
from Europe. Furthermore, the domes- 
tic species are not plagued by infesta- 
tions of Trypeta arnicivora. In this and 
some other respects, such as cleanliness, 
the American flower is superior to the 
European item. 

On the West Coast several firms in 
that area produced relatively small but 
very welcome quantities of agar from 
the seaweeds (Rhodophyceae) of south- 
ern California and the Pacific coast of 
Mexico. More detailed information on 
this and related marine products ap- 
pears in an excellent article in the first 
issue of Economic Botany. 

New Activities in Foreign Areas 

In Argentina there were extensive 
cultivations of many botanicals, for- 
merly obtained from abroad, such as 
stramonium (Datura Stramonium L.), 
used chiefly to relax the bronchial mus- 


cle in bronchial spasms of asthma, 
chamomile flowers and fennel seed 
(Foeniculum vulgar e Miller) used as 
a stimulant and condiment. 

Pyrethrum flowers were obtained in 
increasing quantities from cultivations 
in the Belgian Congo and Kenya Colony 
as the Japanese variety became unavail- 
able. Some smaller quantities of poorer 
quality were produced in Brazil. 

Peru was the source of many tons of 
cube roots (Lonchocarpus Nicou DC.), 
a source of the valuable insecticide 
rotenone formerly obtained in quantity 
from plants of the genus Derris in the 
East Indies. The necessary ground 
work was fostered by the United States 
and Peruvian governments and some 
private organizations in the United 
States. 

Although constantly threatened by 
the impending closeness of the Japan'^-e 
armies, India became an increasing*/ 
important source of supply. Rhubarb 
root from the foothills of the Himalayas 
did yoeman service until China resume'^ 
her shipments not so many months a, 

The Iberian Peninsula supplied urgent 
requirements of ergot, gentian root 
(Gentiana lutea L.), juniper berries, 
and orris root (Iris florentina L., 7. ger- 
manica L., 7. pallida Lamarck). 

Before World War II most alkaloids 
and glucosides were imported from 
Europe, mostly from Germany and 
Switzerland, and to some extent from 
Prance. Only the opium alkaloids, 
strychnine, cocaine and the cinchona 
alkaloids were produced extensively in 
the United States. 

With the coming of hostilities, broad- 
ened domestic production soon filled the 
gaps, and the following important phyto- 
chemicals, as well as many lesser known 
ones, were again available ; atropine, 
homatropine, scopolamine, pilocarpine, 
emetine, totaquine, ouabain and digi- 
tonin. 
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Cinchona 

Cinchona* alkaloids have always been 
of the utmost importance to the health 
of the civilian populations in tropical 
and sub-tropical climates, and are even 
more important to the health and fight- 
ing power of any army fighting in these 
regions. For the Allies this meant the 
entire Pacific and Asiatic theatres of 
war except Alaska. 

Atabrine, a synthetic febrifuge, is in- 
deed an important and highly valuable 
drug, but it alone does not offer a com- 
plete course of treatment for the malarias. 
The cinchona alkaloids are still highly 
valued and necessary in controlling this 
disease, and it is interesting to note that 
the common name “Bark”, when used 
alone in the trade, refers to cinchona 
bark. 

Before the recent war’s outbreak, at- 
tempted cultivation of cinchona gained 
a measure of success in the Philippines. 
This good fortune was later to play an 
important part in providing seed for the 
experimental plots in Central and South 
America. Although it would take a good 
many years to grow a new forest of 
cinchona trees, nevertheless, the work 
was continued because of the possibility 
that the invaders might destroy the 
plantations in Java and in spite of the 
likelihood that the conflict might not last 
long enough to make the project worth- 
while. 

Meanwhile, totaquine was being devel- 
oped. Totaquine is a standardized mix- 
ture of all the natural alkaloids of cer- 
tain cinchona barks of Latin America 
origin. This product underwent an ex- 
tensive laboratory and clinical investi- 
gation in 1930 and 1931. In 1931 the 
Malaria Commission of the League of 
Nations recommended the use of a stand- 

zGinehona bark is derived from Cinchona 
auocirubra Pavon et Klotzsch, C. Ledgeriana 
(Howard) Moens et Trimen, C. Caliaaya Wed- 
deU, and hybrids of these species and hybrids 
of these with other species of Cinchona. 


ardized preparation of it, and in 1932 
the product was recognized in the British 
Pharmacopoeia. By 1940, when supplies 
of cinchona bark from the Indies were 
cut off, totaquine was well established 
and had been produced since the previ- 
ous year. All the bark imported from 
South and Central America, and the 
finished products, were subject to strict 
import control and allocation bj’’ our Gov- 
ernment. 

Several South American barks, other 
than those already noted, were also 
developed and found to be useful in the 
production of certain individual alka- 
loids as well as of totaquine derived up 
to that time from C. suecirtchra, C. 
Ledgeriana and C. Calisaya. These new 
sources included, in particular, C. pitay- 
ensis, C. puhescens, Remijia pedunculaia 
and Ladenbergia hookcriana. The For- 
eign Economic Administration in coop- 
eration with the industry aud.th^ govern- 
ments of the Latin Ammc^ countries 
were successful in developing these new 
sources. 

At first, totaquine was to some degree 
nauseating because the amorphous qui- 
noidine in it was not removed. Today, 
totaquine contains the four desirable 
alkaloids — quinine, quinidine, cincho- 
nine, cinchonidine — ^with a medicinally 
inactive adjusting agent and can be con- 
sidered, in every way, the therapeutic 
eqxiivalent of quinine sulfate. All 
through the war, supplies were tight, but 
without totaquine the casualty lists would 
certainly have been more depressing. 

Other War Time Difficulties 

The passage of two wars has gradually 
changed the routing of foreign drugs 
through the trading centers of the world. 
Formerly these items were obtained to 
a considerable extent from the markets 
in London, Hamburg and Rotterdam, 
But now the United States obtains prac- 
tically all of its supplies direct from the 
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various scattered origins. This was an 
inevitable and desirable outcome. 

As for the primary sources of supply, 
the two wars had little effect in perma- 
nently changing them or replacing them. 
For Rhubarb Root we still look to China ; 
for Black Pepper {Piper nigrum L.) we 
still rely on the Indies and India ; East- 
ern Europe still supplies the best Vale- 
rian Root (Valeriana officinalis L.), and 
the best Agar Agar (Oelidium sp.), in 
quantity, will still be produced in Japan 
and Korea. A long list of . examples 
could be given and there would be few 
exceptions to the generality. 

The reasons for this condition are 
many, but to mention a few: It is no 
small matter to naturalize a species in 
a strange habitat, nor is there sufficient 
economic incentive to do so, in most in- 
stances, during times of peace. Not 
many drug crops lend themselves to suc- 
cessful cultivation. Only certain species 
of plants are acceptable in medicine, and 
most related species, however abundant 
elsewhere, are not acceptable or estab- 
lished. 

It is appropriate to mention here an- 
other difficulty eiK’ountered when a re- 
placement for a standard item is to be 
introduced, assuming that it is not radi- 
(!ally different. Consider, for a moment. 
Black Pepper. This established item was 
famously scarce during the war. There 
are other reasonably abundant pungent 
species of Piper available in w’estern 
Africa, but the housewife would display 
the same sales resistance to this new 
introduction as she did towards Brazil- 
ian mate when tea was becoming scarce. 
And if it be a drug, once the many 
months of preliminary work has been 
done, the physician must be introduced 
to it, educated in its varying manner of 
use and convinced of its value. 

One must have a “Blue Ribbon Win- 
ner” before attempting to enter either 
of these last mentioned two contests. 
This is said with all due respect to both 
classes of. persons mentioned. 


Numerous examples of this situation 
occurred during the war. Gentiana 
hederiana, for example, is indigenous to 
the Peruvian and Chilean Andes, grow- 
ing in remote areas, and it might pos- 
sibly be acceptable as a replacement for 
European Gentian. But before it could 
be entered into commerce as such, con- 
siderable research would have to be done 
respecting its identification, availability, 
standardization, medicinal action and a 
few other factors. Experience shows 
this procedure to have been unreward- 
ing except in a few selected instances. 

In World War II the only successful 
substitutions were the temporary re- 
placements of Chinese Rhubarb Root 
and European Valerian Root with the 
Indian species. In each ease the replac- 
ing species was judged acceptable for 
the duration of the war onl.v, and was 
listed in the National Formulary VII as 
such. 

Aconite Root (Aeoniium Napellus L.) 
was another scarce item during the "war. 
The proper species is obtained from the 
central European Alps, and to a lesser 
extent from the Pyrenees. In former 
years rather extensive investigations 
have been made of the Japanese, Chinese 
and Indian aconites ; most of these either 
were practically worthless in medicine or 
were possessed of markedl.y different and 
unacceptable activities. Therefore, what 
little root came from Spain during the 
war had to suffice. Every possible lead 
was followed up, with this and with 
other items, in the hope that a new 
source of an accepted species might be 
uncovered. Gratifying results were ob- 
tained only infrequently, but all the 
effort can still be considered as well 
spent. 

A stubborn combination of economic 
and ecological factors is constantly 
present in replacing long acepted sources 
of drugs. They are seldom insurmount- 
able, but frequently give rise only to 
some highly impractical solutions. An 
acceptable secondary area for the nat- 
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uralization of any plant species should 
fulfill the following requirements, in re- 
lation to the primary area, with a rea- 
sonable degree of acceptability, and this 
is quite a list to meet : 

1. Geographically opposite in location 
on globe, season of growth and season 
of drastic” climatic disturbances. 

2. Similar climate. 

3. Similar soil. 

4. Low agricultural wage scale. 

5. Geo-political stability. 

6. Accessible transportatidn. 

It might be interesting to note that 
drug collecting is a part-time seasonal 
activity of rural peoples. If a Tennessee 
mountaineer can get a high steady wage 
in a war-plant, such as Oak Eidge, there 
remains little incentive to collect Black 
Haw Bark {Viburnum prunifalium L., 
V. rufidulum Raf.). If a native of 
Aruba can earn an attractive salary as 
an unskilled laborer in the near-by oil 
refineries, why should he work in the 
fields producing Aloes {Aloe Vera L.) at 
a smaller figure ? And so on throughout 
the world. 

Ephedra {Ephedra sp.) is another in- 
teresting subject. This herb from China 
was long the crude source of ephedrine, 
but its alkaloid was also synthesized on 


an economical basis before the war! 'Now 
that supplies of the crude are again 
available, their prices have advanced 
abotit 300%. There is a body of opinion 
that synthetic ephedrine is inferior in 
efilcacy to the mixed natural alkaloids, 
but the s 3 Tithetic is now more widely 
employed. 

Only a few medicinally active plant 
constituents have been synthesized eco- 
nomically, the usual low price of crude 
material being one reason, the technical 
difficulties of the synthesis the other main 
one. Crude drugs, however primitive 
they may appear beside a pure crystal- 
line organic compound, will long occupy 
an important place in medicine. Indeed, 
some items which were for several years 
relegated to a dusty shelf are regaining 
popularity and value in both old and 
new fields of medicine. Every day new 
leads are obtained which point to the 
probable medicinal value of many plants, 
and botanical explorations are constantly 
turning up some new species of consider- 
able value. 

The author wishes to express his ap- 
preciation of the kindness of George M. 
Hocking, Ph.D., Professor of Pharma- 
cognosy, University of Buffalo, in read- 
ing this paper. 
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Naranjilla. In Quito and Guayaquil, 
especially, but also elsewhere in Ecuador, the 
juice of naranjilla fruit. Solatium quitoense, 
constitutes a favorite foamy beverage, or 
“sorbete”, nutritiously rich in vitamins, albu- 
min, pepsin, lime, magnesium and phosphate. 
The spherical fruits, two inches in diameter, 
are tomato-like in growth, skin texture and 
internal structure, but are smaller, orange 
colored externally, greenish orange internally, 
and pubescent. In addition to being the 
source of an expressed beverage in Ecuador 
the fruits are also eaten raw or made into 
marmalade, pie or other culinary items. 

Loss of flavor through pastcprization and 
addition of antifermentants in canning proc- 


esses has so far hindered successful commer- 
cial export of the juice. 

The naranjilla plant, a coarse succulent 
herb up to eight feet tall with leaves two feet 
long, is native to Ecuador, thriving best at 
elevations of 4,000 to 7,000 feet. It is also 
cultivated in Ecuador, as well as in southern 
Colombia where it is known as “lulu” ; but in 
Peru the fruit seems to be unknown. The 
plants flower and fruit continuously, t^nd thus 
are a continuous crop where cultivated. 

Unsuccessful attempts have been made to 
prt»duce the fruits in subtropical California 
and Florida. (IF. H. Hodge, Jour. N. T. 
Botanical Garden 48: 165. 1947). 



Qtrus Products — A Quarter Century of 
Amazing Progress 

Highly specialized factories affiliated with the Cali- 
fornia Fruit Growers Exchange, an orange-, lemon- 
and grapefruit-marketing cooperative of 14,500 Cali- 
fornia and Arizona growers, produce tremendous 
quantities of citrus products which find uses not only 
in foods but in fields as diverse as medicine and the 
oil and rubber industries. 

GLENN H. JOSEPH 

California Fruit Growers Exchange, Corona, California 


Introduction 

The citrus-produets industry — costly 
infant in the early 20 ’s — ^has grown dur- 
ing the past quarter century to one of 
the world ’s outstanding examples of suc- 
cessful commercial utilization of an agri- 
cultural surplus. Wisdom in planning 
with confidence, foresight and patience 
in research and development, converted 
a botanical wastage to a national indus- 
try doing an annual business of more 
than $125,000,000. Students of economic 
botany may well pause to review this ex- 
ample of chemurgy as an illustration of 
the possibilities in their respective phases 
of this field. 

One of the factors which stimulated 
products development in the citrus in- 
dustry was the tremendous increase in 
fresh fruit production during the past 
two decades. The total citrus produc- 
tion in the United States, in terms of 
standard packed boxes of fruit, w'as: 

56,000,000 boxes in 1926 

• 93,000,000 boxes in 1936 

196,000,000 boxes in 1946 

This figure for the 1946 production 

may be visualized more easily by realiz- 
ing that 196,000,000 boxes of fruit, 
stacked end on end, would extend up- 
ward 81,000 miles, one-third the distance 


to the moon! Although continual and 
extensive advertising campaigns have 
steadily increased the consumption of 
the fresh fruit, it has been necessary to 
utilize an increasing volume of fruit for 
products in order to give the industry 
a semblance of stability. 

The manufacturing technic by which 
products of commercial value are pre- 
pared from citrus fruit, and in fact the 
variety of products made, differ widely 
among the several products factories in 
the different citrus areas of the United 
States. The present discussion, however, 
reflects more or less the citrus-products 
industry affiliated with the California 
Fruit Growers Exchange, an orange-, 
lemon- and grapefruit-marketing coop- 
erative of 14,500 California and Arizona 
growers. The variety and inter-relation 
of products which are now manufactured 
by the factories affiliated with this Sun- 
kist organization are shown in Pig. 1. 
Fig. 2 illustrates the location in the fruit 
of several important constituents and 
also points out the areas designated by 
the terms “flavedo” and “albedo”. 

Although citrus fruits include oranges, 
lemons, grapefruit, the mandarin or tan- 
gerine, lime, citron, kumquat and many 
other varieties, only the first three of this 
list will be included in the present dis- 
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cussion, because they are the only ones 
' now of commercial significance in the 
California citms-produ«^ industry. 

Juice Products 

Utilization of citrus juices for food 
purposes has not been a recent develop- 
ment. History reveals that more than 
40 centuries ago “oranges and pum- 
meloes" were presented as delicate gifts 
to a Chinese emperor. Records show 
that citrus fruits were known to the 
Pharaohs of Egypt in the 15th century 
B.C. During the centuries since that 
time many historical entries show the 
growing realization that the juices of 
citrus fruits possess healthful and even 
medicinal properties. The present gen- 
eration, however, has been the first to 
attempt the preservation of citrus juices 
on a commercial scale. 


Fig. 1 shows that juices are obtained 
by two general methods, crushing or 
pressing of the whole fruit and burring 
or pressing the juice from cut halves of 
the fruit. The juices produced by these 
two methods differ mainly in regard to 
the peel constituents which they contain. 
When whole fruit is crushed the juice 
usually contains a large portion of the 
essential oil from the outer rind or 
flavedo, and of course other peel con- 
stituents which are not removed when 
the juice is subjected to high speed cen- 
trifugal treatment for recovering most 
of the essential oil. These peel mate- 
rials are responsible for certain flavor 
differences in the various types of juice. 
When juice is to be canned or frozen, 
at natural strength, the fruit is usually 
burred or pressed so as to avoid the peel 
materials and possible oil flavors which 
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Fig. 1. Chart of citrus fruit products. 
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they may impart. Although much juice 
is still prepared by hand-burring or 
reaming of cut fruit, there are several 
mechanical methods available for pre- 
paring excellent burred juice. 

Citrus juices contain pectic enzymes 
which act upon the small amount of 
pectin xisually present and cause it to 
flocculate and carry down the flne sus- 
pended solids characteristic of freshly 
prepared juice. This self-clarification 
and subsequent sediment formation in 
packaged juices may be avoided by 
using a patented process 'of “flash pas- 
teurization” developed in the Exchange 
laboratories. This process also permits 
maximum flavor retention. 

A considerable percentage of the vari- 
ous citrus juices goes into concentrated 
and blended products designed to meet 
the varied requirements of the beverage 
industry. Concentration of the juices is 
usually accomplished by utilizing stain- 
less steel vacuum pans where water re- 
moval is possible without appreciable 
temperature rise. The essential oils, 
sometimes desirable for maintaining the 
true flavor of the i)articular fruit and 
which may have been removed by the 
concentration process, are usually added 
after concentration or are supplied in 
an extract or emulsion form with the con- 
centrated juice, to be added when the 
juice is mixed with sugar sirup prior 
to final bottling as a beverage. 

The juice from crushed fruit is usually 
passed through high speed centrifugal 
separators in order to remove the essen- 
tial oil introduced from the peel. The 
resultant juices are frequently vacuum 
concentrated for \ise in certain blends 
where their flavor is desirable. 

The successful production of citrus 
juices for world wide distribution has 
been made possible by years of careful 
research and is continuing only through 
diligent efforts by specialized bacteriolo- 
gists, chemists, engineers and a wide 
range of other technical personnel. 


There are many, many physical and 
chemical factors which are involved with 
the extraction and preservation of such 
delicately flavored juices as those from 
citrus fruit. Research on the subject of 
citrus juices is today concerned not only 
with processing technics but goes back 
to cultural practices, picking and han- 
dling methods, and even to transportation 
factors. Investments in research and 
development have indeed been extensive. 

These efforts have made possible the 
development of this phase of the prod- 
ucts industry to the point that the pro- 
duction of canned natural strength 
citrus juices in the United States has 
reached an annual volume in excess of 
60,000,000 eases (24 No. 2 cans per case). 
The annual volume of concentrated 
citrus juices in this country is usually 
about 1,000,000 gallons, although during 
the recent war period this figure was in 
excess of 3,500,000 gallons, due mainly 
to lend-lease purchases for fortifying the 
diets of children and expectant mothers. 

Essential Oils of Citrus 

The outer layer of the rind, or the 
flavedo, of citrus fruits contains the 
essential oils w'hich are so widely used 
in the food industries as flavors. Fig. 1 
shows that two types of oil are listed, 
cold pressed and distilled. The cold 
pressed type is the more important and 
is the only one admitted by the United 
States Pharmacopoeia. This type, from 
oranges, is listed in the U. S. P. XII 
under the heading “Oleum Aurantii”, 
where the description is ; “Oil of Orange 
is the volatile oil obtained by expression 
from the fresh peel of the ripe fruit of. 
Citrus Aurantium Linne var. sinensis 
Linue (Fam. Rutaceae)”. The corre- 
sponding oil from lemons is described 
in the U. S. P. XIT, under “Oleum 
Limonis”, as “Oil of Lemon is the vola- 
tile oil obtained by expression,' without 
the aid of heat, from the fresh peel of 
the fruit of Citrus Medica Linn6 var. 
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Fio. 2. (Upper) The parts of an orange and a lemon from which citrus products are ob- 
tained. Fiq. 3. (Lower) One of the pulp drying tmits in Exchange Factories. (Courtesy Cali- 
fornia Fruit Growers Exchange.) 
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Liman Linne (Pam, Kutaceae), with or 
without the previous separation of the 
pulp and the peel”. No corresponding 
definition for grapefruit oil has yet been 
made official. 

The cold pressed oils, although actu- 
ally existing in the peel, are usually ob- 
tained commercially from the juice into 
w’hieh they have been introduced during 
pressing of the whole fruit. The juices 
are passed through superceutrifuges in 
order to throw out the oil. There are 
certain mechanical means of expressing 
the juice of oranges and at the same time 
collecting the expressed oil during the 
same operation, without the aid of a 
centrifuge. It is for these reasons that 
cold pressed oils are shown in Pig. 1 as 
arising from both the juice and from the 
peel. 

This same reason applies to the posi- 
tion occupied by distilled oils in the 
chart. The pressing and centrifuging 
methods are not quantitative in their 
removal of oil, and consequently some 
further amounts of oil may be obtained 
by steam distillation of the pressed fruit. 
The oils prepared by such a method are 
quite different in character from those 
made by cold pressing. Although the 
distilled oils may be used as fiavor in 
certain food products, perhaps the great- 
est application of these oils is in the field 
of perfumes, as in soap manufacture. 

The processes by which the cold 
pressed oils are handled so as to give 
them great clarity and stability are too 
complex to be treated here. The U. S. P. 
standards for these oils are quite rigid 
and require the utmost care in manu- 
facture and considerable analytical work 
in laboratories to insure compliance with 
them. These oils are used in the food 
industries wherever the fiavor of the par- 
ticular citrus fruit is desired. The con- 
fectionery and baking industries are 
users of large volumes of orange and 
lemon oil. Household fiavoring extracts, 
of course, also utiiize^hese oils. 


Citric Acid 

The chart of products previously re- 
ferred to shows citric acid and citrates 
as being derived from the juices of three 
varieties of fruit. Although it is true 
that citric acid is the main acidic mate- 
rial in the juices of fruits from all va- 
rieties of citrus, the amounts present in 
varieties other than the lemon and lime 
are too small to justify extraction with 
the present commercial methods. The 
juice of the lemon contains 5%—7% 
citric acid, about five times as much as 
is present in orange juice. 

The methods in use today for prepar- 
ing citric acid from lemon juice follow 
the same chemical pattern first used by 
Scheele more than 150 years ago. The 
juice after being subjected to about a 
week of spontaneous fermentation which 
permits easier and better later filtra- 
tion, is heated to the boiling temperature 
and filtered sparkling clear. Sufficient 
calcium hydroxide suspension is added 
to the boiling hot juice to precipitate 
the citric acid as the salt, calcium citrate. 
The calcium citrate is later suspended in 
water and decomposed by the proper ad- 
dition of sulfuric acid to give the in- 
soluble calcium sulfate in a solution of 
citric acid. Ordinary filtration removes 
the calcium sulfate, and then citric acid 
may be crystallized from the filtrate and 
purified by any of several commercial 
processes. 

Chemical control is necessary over all 
the steps in citric acid manufacture. 
The U. S. P. specifies that the product 
contain not less than 99.7% of pure 
citric acid in monohydrate form, and, 
further, limits the heavy metal impuri- 
ties to not more than five parts per mil- 
lion, The principal salt of this acid is 
sodium citrate. Millions of pounds of 
the white crystalline acid and its various 
salts are used annually in this country 
in the food and pharmaceutical indus- 
tries. 
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Pectin 

Pectin is defined by the National 
Formulary, Eighth Edition (1946), page 
374, as follows: “Pectin is a purified 
carbohydrate product obtained from the 
dilute acid extract of the inner portion 
of the rind of citrus fruits or from apple 
pomace, lit consists chiefly of partially 
methoxylated polygalacturonic acids”. 

Pectic substances, although available 
since the creation of plant life on this 
planet, have been an article of human 
diet only since Adam and Eve began 
eating apples. .Actual scientific publi- 
cations describing the pectic substances 
did not appear, however, until the begin- 
ning of the 19th century. Pharmaceu- 
tical and medical applications^of pectin 
were first mentioned in the literature in 
1825. During the time since 1825 the 
scie^ntifie literature on the pectic sub- 
stances has grown to voluminous dimen- 
sions, and the substances themselves have 
found many commercial uses, not only in 
foods and pharmaceuticals, but in indus- 
tries as diverse as steel, rubber, paper 
and oil. 

Botanists and plant physiologists com- 
monly refer to pectin as the intercellular 
cementing material in the middle lamella 
and primary cell walls. Some investi- 
gators believe that pectin or its precur- 
sors coat the macro-mols of cellulose 
fibers. Recent physico-chemical studies 
indicate that the cellulose fibers are held 
together by intramolecular forces and 
that pectin and protopectin (the imme- 
diate precursor of pectin) form a chain- 
like network of intercellular material 
meshing in with the cellulose structure. 

The pectic materials develop under 
conditions of rapid growth and high 
water content, and consequently they 
are present in large concentrations in 
fruits and stalks of fast growing plants 
and in the spring wood of trees. During 
ripening of fruits the pectin content 
steadily increases and reaches a maxi- 


mum at maturity, then hydrolysis takes 
place. Enzymic hydrolysis converts the 
water-insoluble protopectin to the water- 
soluhle pectin, and then on to the hydro- 
lyzed and depolymerized pectates, and 
no doubt eventually to sugars. At all 
times the sum of the protopectin, pectin 
and pectates is probably a constant. At 
no one time, however, in this progressive 
change is there any considerable amount 
of water-soluble pectin. Pectin is re- 
sponsible for turgidity of the cellular 
structure. After maturity, when en- 
zymic hydrolysis has occurred, the struc- 
ture weakens and complete dissolution 
of the framework takes place. 

Although pectin is widely distributed 
in the plant kingdom, there are only a 
few sources at present capable of com- 
mercial utilization. These are in citrus 
peel and in apple pomace. Pig. 2 shows 
the location of protopectin and pectin 
in citrus fruits — in the white inner rind 
or albedo. The albedo contains about 
one-half of its weight in pectin, on the 
dried basis, although extracting proc- 
esses capable of producing pectin with 
a high gel-forming ability fail to obtain 
a yield of any such magnitude. Since 
most uses for pectin are dependent upon 
its ability to give viscous sols and gels 
under certain conditions, and since these 
properties are enhanced by the highly 
polymerized state of the pectin molecu- 
lar aggregate, the extraction process 
must be gentle. The pectic raw material 
is usually treated with a warm dilute 
acid to convert the protopectin to pectin, 
and then filtration separates the pectin 
solution from the cellulosic material of 
the fruit source. 

Pectin may be precipitated from its 
water solutions by addition of an alcohol 
or by use of a polyvalent metallic ion, 
such as is furnished by aluminum sul- 
fate or chloride. Both these processes 
are in use today for the preparation of 
citrus peo^. The final pectin product 
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made by either process is a nearly white 
powder with a mucilagenous taste and 
no odor. The production of dry pectin 
in the Exchange factories amounts to 
many thousands of pounds each month, 
and additional factory facilities for mak- 
ing pectin are under construction. 

The chart of products lists the five 
most commonly known types of pectin 
made in the Exchange factories. These 
types may be made from either of the 
citrus varieties listed. 

The most important pectins in the 
food field are the two types known as 


quires a “rapid set” pectin or what is 
sometimes designated as a “jam pectin”. 

Commercial jelly makers usually ar- 
range to have their products remain fluid 
until the containers are filled, washed, 
labeled, packed into cartons and stacked. 
This requirement can be met by using a 
“slow set” or jelly pectin. Manipula- 
tion of the pectin molecular shape and 
size during manufacture is the means by 
which the setting characteristics of the 
pectins are altered. 

Confectioners pectin became an article 
of commerce about 15 years ago, and 



Fig. 4. The Exchangee Orange Products Co., Ontario, Cal. 


rapid and slow set varieties, used in jam 
and jelly-making. This designation re- 
fers to the time required, after all the 
ingredients have been added in the cor- 
rect proportion, for a jelly to “set” or 
begin to show evidence of gel formation. 
Makers of berry jams prefer to have 
their product “set” soon after filling 
into containers, while still at tempera- 
tures above the sterilization point, so 
that the berries do not float to the top 
and leave a layer of clear jelly in the 
lower part of the container. This re- 


with it came a “gum drop” of new and 
superior qualities. ITp to that time vari- 
ous jelly and gum pieces had been made 
by using gelatin, starch, gum arabic or 
agar-agar and b}'^ combinations of these 
materials. Candies made from these ma- 
terials had only a short shelf-life and 
were far from ideal in regard to flavor, 
texture and ease of manufacture. 

A special type of citrus pectin was 
developed for use in confectionery where 
jelly pieces of excellent texture, flavor 
and stability were desired. This pectin 
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was quite slow setting so that even when 
the batches were cooked to a sugar con- 
tent of 75%-80% and were properly 
acidified, the finished ^tch could be 
transferred by pipelines in the factory 
to automatic depositing or molding 
machines without danger of pre-setting. 
Many m41ion8 of pounds of “gum 
drops” and high quality jelly centers 
are made today from this special type of 
pectin which resulted from several years 
of chemical research and development. 

Low methozyl pectins are just begin- 
ning to enter the field of commercially 
valuable citrus products. The jelly, jam 
and confectioneiy pectins just men- 
tioned, contain about 9%-ll% of 


as calcium, and are not dependent upon 
any certain sugar content. Removal of 
the ester groups from pectins may be 
accomplished by using enzymes or a 
carefully controlled acid or alkaline 
treatment, or by combinations of these 
methods. The low methozyl pectins are 
finding applications in the production of 
fruit salads and puddings, fruit mizes 
for ice cream making, fountain sirups, 
gels for diabetics, milk puddings, and in 
frozen berries and tree fruits. 

Medical uses for pectin were first men- 
tioned by Braconnot in 1825, but it was 
not until 100 years later that pectin 
actually received attention in the medi- 
cal journals. The use of pectin in the 



Pio. The Exchange Lemon Products Co., Corona, Cal. 


methozyl groups, -OCHs. All these 
pectins require more than 60% sugar 
for suitable final gelation. They are 
high methozyl pectins, or strictly speak- 
ing, high-ester pectinates. During the 
past siz or eight years it has been found 
that by removing some of the methyl 
ester groups from pectin there could be 
obtained a product which would form a 
gel even if the sugar were omitted, pro- 
vided, however, that sufficient calcium 
or other similar metal were present. 

These low methozyl pectins are suit- 
able for use in salads and desserts where 
sugar solids may be less than is required 
for the usual pectin gels. The gels 
formed by these new pectins result from 
a structure of pectinate molecular aggre- 
gates tied together by divalent ions such 


treatment of colitis, diarrhea and bacil- 
lary dysenteries grew out of the use of 
the apple diet which developed in 
Europe during the years following 1928 
when the Heisler-Moro diet first became 
popular. Medical investigators in vari- 
ous countries soon concluded that the 
beneficial properties of the apple diet 
were diie to the pectin of the apples. 
Soon the eztraeted pectin was used in- 
stead of the whole apple. At the present 
time many pharmaceutical products used 
for these intestinal diseases contain a 
purified pectin made to conform to the 
rigid standards of the National Formu- 
lary. 

Hemostatic effects of pectin solutions 
were first reported in medical journals 
in France , in 1924. Since that time 
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many hundreds of cases have been re- 
ported in the literature, cases in which 
pectin had been introduced intramuscu- 
larly or intravenously and produced a 
distinct accelerating effect on the coagu- 
lation of drawn blood. When pectin 
solutions in similar amounts are added 
outside the body to previously drawn 
blood, there is apparently no particular 
coagulating effect, and when pectin is 
added parenterally there is no coagulat- 
ing effect upon the circulating blood. 

During the recent world war much 
success attended clinical uses of prop- 
erly prepared pectin sols for the trans- 
fusion treatment of shock, using the pec- 
tin sols as substitutes for human plasma. 
This particular application for pectin 
has not yet reached widespread recogni- 
tion because human blood and plasma 
became so plentiful through volunteer 
donations that the emergency substitute 
was not needed. Extensive biological 
and clinical studies did show, however, 
that no undesirable effects resulted from 
the intravenous use of properly prepared 
pectin sols when used even in quantities 
substantially above the normally re- 
quired dosage. 

These intravenous uses for pectin 
made it necessary to maintain strict 
control of pectin quality and to produce 
as nearly a pure pectin as chemical re- 
search indicated was possible. The Na- 
tional Formulary (Seventh Edition and 
the new Eighth Edition) contains a 
monograph on and the specifications for 
such a product under the designation of 
Pectin N. P. The present medical uses 
for this high quality pectin, in addition 
to those already mentioned, extend to 
the preparation of pastes or salves, emul- 
sions, tablets, powders and suspensions, 
for external and oral administration. 

The Pectates and Stock 
Food Meal 

The two materials classed as pectates 
in Pig. 1, which are the peel products 
of most interest from the viewpoint of 


the large scale utilization of surplus 
citrus fruit, are the “Pectate Pulp” and 
“Pectic Acid Pulp”. These products, 
contrasted with those listed under pec- 
tins, are not highly refined and are sold 
by the ton rather than by the pound. 

Citrus pulp includes the peel, after 
the oil has been removed from the 
flavedo, and the cellulosic structure re- 
maining after the juice has been pressed 
or burred from the edible portion of the 
fruit. Disposal of a thousand or so 
tons of this material each day becomes 
a problem of major importance to fac- 
tories attempting to recover salable 
products of citrus at reasonable cost 
figures. Early attempts at drying the 
pulp, which is not needed for pectin 
production, using ordinary large-scale 
drying equipment, met with failure. 

Continued chemical research, how- 
ever, developed pulp-treating processes 
which permitted the successful and eco- 
nomical drying of pulp in huge rotary 
driers, as illustrated in Pig. 3. The 
pulp so dried is being used as a stock 
food, especially in mixed feeds. Part 
of the liquors which result from the 
treating steps in making orange meal 
are further treated to produce a mo- 
lasses-like material which is sold for use 
in connection with alcoholic fermenta- 
tion processes and for certain stock food 
mixtures. 

Pectate pulp and pectic acid pulp are 
additional products which are made in 
the same drying equipment as used for 
the stock feeds. When the citrus pulp 
is treated with an alkali the pectin is 
converted to a pectate and the natural 
calcium of the pulp reacts with the 
soluble pectate to produce water-insolu- 
ble calcium pectate in the cellulose 
matrix of the pulp. This dried pectate 
pulp, in a coarsely ground form, be- 
comes dispersible in hot water when 
suitable amounts of added soda ash and a 
phosphate are present. These disper- 
sions have been used for certain types 
of steel quenching, for aiding latex 
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creaming at rubber plantations, as an 
ingredient in oil-well drilling muds, for 
paper sizing, and as an antistick on 
paper containers for aspTialt. 

The pectic acid pulp is useful for the 
same general applications and differs 
from pectate pulp only in that disper- 
sions may be made easily by merely 
adding any soluble alkali such as soda 
ash or ammonia. Slight alterations in 
the manufacturing processes permit pro- 
duction of these pulps with either high 
or low viscosity. 

Pectic acid is a refined material sepa- 
rated from the pulp. It is insoluble in 
water but reacts readily with alkalis to 
give pectates. It is used as an acidulant 
in certain pharmaceutical powder mix- 
tures, especially in effervescent mixtures 
where moisture absorption on storage in 
humid climates previously caused pre- 
mature reaction between the ingredients 
and loss of effervescent ability. The 
only salt of pectic acid now of much im- 
portance is sodium pectate. 

“Pectin-Albedo” 

This term, originally coined to be de- 
scriptive of the product made by a spe- 
cially perfected process, has grown to be 
recognized in the pharmaceutical and 
medical fields. The discussion above, 
under the heading “The Pectins,” told 
how, in the peel of fruit, the water-in- 
soluble protopectin is converted by natu- 
ral enzymic processes to the soluble 
pectin and ultimately to depolymerized 
end-products. The patented process by 
which “pectin-albedo” is made consists 
of treating disintegrated peel with a 
mineral acid in alcoholic solution so as 
to hydrolyze the protopectin to soluble 
pectin but, due to the aleohol, keeping 
the pectin in its original cellulosic en- 
vironment. This acid-alcohol treatment 
also removes colors and other soluble 
components of the peel, so that finally 
when the peel is alcohol-washed fo free 
it of the acid and is later vacuum dried, 


there remains only relatively pure cellu- 
lose and easily water-soluble pectin. 

“Pectin-albedo” is usually further 
treated by special rolling equipment to 
produce extremely thin flakes in which 
the cellulose units are all disrupted and 
the product can be added to water and 
taken orally for the treatment of certain 
intestinal diseases. 

Flavanone Glycosides 

Fig. 1 lists “Naringin” in one place 
and then shows four other materials 
grouped under the heading of “Vitamin 
P”. This was done mainly because of 
the current interest in the so-called 
“Vitamin P” substances and because 
most investigators at the present time 
do not believe naringin has “Vitamin 
P” characteristics, even though it is a 
citrus flavanone glycoside. 

The flavanone glycosides of citrus be- 
long to the important and widely distrib- 
uted group of plant pigments known as 
the flavones and are somewhat similar in 
chemical structure to the anthocyanins 
which are responsible for most of the 
blue, purple, violet and red shades in 
plants. 

Studies on scurvy more than a cen- 
tury ago demonstrated that lemon juice 
corrected all the symptoms associated 
with the disease, including the capil- 
lary hemorrhages. Investigations during 
later years indicated that the vitamin C 
of lemon juice is the curative factor. 
When synthetic vitamin C became avail- 
able, however, it was found to be in- 
effective in alleviating all the scorbutic 
symptoms related to capillary weakness. 
This led Szent-Gyorgyi and his associ- 
ates to seek for a substance in lemon 
which had an activity and importance 
similar to vitamin C. The flavanone 
glycosides of lemon were isolated as a 
result and were termed “Vitamin P” 
(for permeability factor) in 1936 by 
Szent-Gyorgyi. 

Therapeu^ effects have been achieved 
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■with the “Vitamin. P” materials in a 
wide variety of eases associated with vas- 
cular permeability (or capillary fragil- 
ity) such as; 

Vascular Purpura 

Psoriasis 

Increased Capillary Pragilitj^ in Hy- 
pertension 
Hemorrhagic 

Telangiectasia 

Retinitis 

Measles 

Nephritis 

Capillary Toxicosis (particularly due 
to anti-syphilitic therapy) 

Many flavanol and flavanone glyco- 
sides from a variety of plant sources 
have been discussed in the literature in 
connection with their relation to Szent- 
Gybrgyi’s “Vitamin P” and their use 
in treating pathological conditions con- 
nected with capillary fragility and per- 
meability. Some of these substances 
are: hesperidin; eriodictyol; quercitrin; 
rutin; epicatechin; hesperidin, methyl- 
ated chaleone; and lemon peel infusion, 
dried. 

Hesperidin is the oldest commercially 
available “Vitamin P” material. It 
may be prepared from either orange or 
lemon and is a grayish-yellow, non-hy- 
groscopic powder, relatively insoluble in 
water and easily made into tablets. 

“Hesperidin, Methylated Chaleone” 
is the name applied to the product ob- 
tained by methylation of hesperidin in 
alkaline solution where the pyrone ring 
structure opens and the material be- 
comes soluble. It is a yellow, water- 
soluble powder which is proving to be a 
valuable member of the so-called “Vita- 
min P” group. 

An aqueous extract of lemon peel, pre- 
pared so as to eliminate the pectins and 
the oils, then vacuum concentrated and 
dried, is being used under the name of 
“Lemon Peel Infusion, Dried”. When 
lemon peel is extracted with alcohol and 
the extract is dried to a pilular mass the 


material is designated as “Lemon Peel 
Extract, Dried”. It contains the same 
therapeutic principles as the infusion, 
and in addition has certain more desir- 
able physical properties. 

Naringin is a flavanone glycoside ex- 
tracted from grapefruit peel and is used 
commercially for its extremely bitter 
taste. It has no known therapeutic 
properties. It has been used in Europe 
for imparting a desirable bitterness in 
beverages and in marmalade made from 
sweet oranges. One of the old household 
remedies for the common cold was to 
drink an infusion of grapefruit peel. 
No doubt the bitterness of the concoction 
imparted the belief that quinine Avas 
present, and perhaps some beneficial re- 
sults may have been obtained from the 
vitamins known to be in citrus peel and 
from the increased fluid intake. 

Concluding Remarks 

This listing and brief description of 
citrus products has been presented to 
bring out the extent to which a group 
of agricultural producers has gone in 
order to preserve itself in this generation 
of economic perplexities. The difficult 
raw-material problems which beset the 
factories making the dozens of dilferent 
products listed above can not be visual- 
ized by operators of the ordinary food 
and chemical factories. The fruit used 
as a raw-material differs continually, 
not only in degrees of maturity and in 
seasonal and varietal respects, but also 
as a result of locality and soil variations. 
Another diflBoult manufacturing problem 
arises from the fact that the quantity of 
fruit available for converting into prod- 
ucts varies suddenly and from reasons 
which can not always be foreseen. It is 
not a matter of knowing what can be 
sold as products and then obtaining the 
needed raw-material ; it is rather an obli- 
gation to take all the fruit aA'ailable from 
the packing houses when and if they de- 
sire to have it converted to products. 

Dozens of trained chemists, baeteriolo- 



426 


ECONOMIC BOTANY 


gists and engineers, working not only in 
expensive and well equipped labora- 
tories, but in key positions throughout 
management and the factories, are essen- 


tial to the products manufacturing oper- 
ations, such as are being successfully 
conducted by the California and Arizona 
citrus growers. 


Utilization Abstracts 


Tropical Plants as Sources of Pectin. 

Nearly all commercial pectin is obtained to- 
day “as a byproduct of the citrus juice and 
apple cider industries. In the former, pectin 
is extracted from the peel of the citrus fruit 
and in the latter it is recovered from the 
apple pomace, the residue of the cider 
presses”. Industrially pectin is used as a 
jellying agent in fruit juices and pulps to 
produce jellies and jams, “as an inert carry- 
ing agent for many pharmaceutical prepara- 
tions, as a sizing agent in the textile industry, 
as a protective agent in the baking industry, 
as a creaming agent in the rubber industry, 
and as an emulsifying agent for many 
products”. 

In an effort to find other sources of pectin 
the Hawaii Agricultural Experiment Station 
has investigated a number of tropical and 
subtropical fruits, and has found that com- 
imm guava {Psidium Guajava), papaya 
(Carica papaya) , soursop (Annona muri- 
cata)f tamarind (Tamarindus indica) and 
pomelo {Citrus maxima) have high pectin 
content, ranging from .80% to 2.07% of fresh 
weight, but not enough for commercial devel- 
opment. 

The 12- to 18-inch long pods of pink shower 
{Cassia grandis), after removal of the beans, 
were found to have 16.5% pectin, an amount 
comparable to some of the eijitablished sources 
of pectin. The beans contain a water-solu- 
ble gum that may have value as a creaming 
agent for rubber or in other capacities. 

In addition to the fruit of the common 


guava and the pod of the pink shower as 
potential sources of industrial pectin, there 
is also the pulp residue produced in the root 
starch industry. Large quantities of root 
starch are used each year as a sizing agent 
in the textile industry. The starch is me- 
chanically separated by very fine mesh screens 
from the finely ground roots, and the residual 
material is subject to extraction. {G, D. 
Sherman dt Y, Kansitiro, Chemurgic Digest 
6(4): 65. 1947). 

Furfural. Furfural is a technologically 
important substance “produced commercially 
in large volume by the action of sulfuric acid 
on oat hulls, but the use of corncobs, corn- 
stalks, cotton stalks, peanut hulls, beet pulp, 
wheat husks and other waste agricultural 
products has been investigated. Any sub- 
stance containing pentosans is a potential 
source of furfural. 

“The discovery of furfural in 1832 was 
quite by accident, and until the institution 
of its commercial production in 1921, it re- 
mained a laboratory curiosity. Today, as a 
result of widespread developmental investi- 
gation, it is used on a large scale in such 
diverse applications as petroleum refining, 
the purification of butadiene for synthetic 
rubber production, the improvement of wood 
rosin, the preparation of plastics and resinous 
bonding materials, and in organic synthesis 
for the preparation of pharmaceuticals, in- 
secticides, dyes and other products”. (F. L. 
Anstin, Chemurgic Digest 6(9): 145. 1947). 



Lonchocarpus — A Fish-Poison Insecticide' 

The roots of this tropical vine are the source of the 
valuable insecticide rotenone, non-toxic to humans, 
and were imported into the United States in 1946 from 
Brazil and Peru, from both wild and cultivated mate- 
rial, to the extent of more than 11 million pounds. 

B. C. HIGBEE 

The Johns JJopJcins XlniversHy 


Introduction 

Many an observant Amazon traveler 
has enthusiastically related how Indians 
of that region stupify fish by polluting 
small i)ools and sloughs with toxic plant 
infusions, including those prepared with 
roots of certain Lonchocarpus species. 
One of the most charming of these ac- 
counts was prepared for the Smithsonian 
Institution Report of 1930 by the tropi- 
cal plant explorers Killip and Smith. 
It details not only the technique of stag- 
ing a “pesca”, or fish-poisoning expedi- 
tion, but it also conveys the festive spirit 
with which the drama is enacted by tho.se 
people who have the primitive’s genius 
for mitigating work by playful diver- 
sion. Fish catching with the aid of 
lonchocarpus roots is an ancient prac- 
tice, perhaps rivaling in antiquity the 
comparable use of Derris root in Malaya. 
As intriguing as the fact that primi- 
tive men of both tropical America and 
Asia discovered identical uses for these 
legumes is the close botanical relation- 
ship of the plants themselves. Their 
remarkable similarity suggests evolution 
from a common origin, although their 

^ Much of the materinl in thin paper is taken 
from the writer’s manuscript on Lonchocarpus, 
Derris and Pyrethrum, prepared for publication 
by the XTnited States Department of Agricul- 
ture and the Pan American Union. This study 
was made possible by funds provided through 
the United States Interdepartmental Committee 
on Scientific and Cultural Cooperation. 


native habitats, as we now know them, are 
separated by half a tvorld of sea and 
portions of continents. 

History 

The identity of the pioneers who dis- 
covered the insecticidal value of loncho- 
carpus and derris is as ob.scure as that 
of those who found them toxic to fish. 
One can only speculate on how long 
derris had been used by Mala.van gar- 
deners as an insecticide before 1848 
when Oxley wrote in the Journal of the 
East Indian Archipelago that it was 
effective against leaf pests on nutmeg 
trees. Likewise it is anybody’s guess 
how long South American Indians were 
using lonchocarpus before 1910 when 
Gerardo Klinge delayed his travels in 
the Peruvian Valle.y of Huaneayo long 
enough to verify that it would kill the 
sheep tick. 

In 1902 the Japanese chemist Nagai 
isolated colorless crystals primarily re- 
sponsible for the toxicit.v of derris root. 
This pure sxibstance, which he named 
“rotenone”, was found subsequently in 
1926 to be the principal active ingredi- 
ent in the root of lonchocarpus as well. 
Thus the similarity between these two 
tropical legumes appeared even more 
striking. As the definite practical value 
of rotenone-bearing roots became estab- 
lished by laboratory tests of ento- 
mologi.sts, insecticide manufacturers in 
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Europe and the United States began 
importing roots from the Far East and 
the Amazon to compound commercial 
dusts and sprays. Impetus was added 
to the demand for these insecticides 
when it was determined that they are 
non-poisonous to man a^d other warm- 
blooded animals. Thejt?‘ can be used ef- 
fectively against certain pests of truck 
and canning crops without hazard to the 
human consumer. Dip solutions are 
harmless to livestock while lethal to 
ticks, warbles, lice and fleas. By 1932 
the infant rotenone industry was as- 
sured a vigorous maturity. Its insecti- 
cidal products are now recognized as 
among the most effective agents for com- 
bating the Mexican bean beetle, wooly 
apple aphid, European corn borer, pea 
aphid, housefly, mosqiiito.and cockroach. 
Associated with rotenone, but less toxic, 
are a number of other active substances 
collectively known as “rotenoids” which 
add to the effectiveness of derris and 
lonchocarpus. 

The discovery of the insecticidal value 
of these two leguminous flsh poisons was 
a challenging clue to botanists in many 
parts of the world. Libraries were 
searched for accounts of flsh-poison 
plants; expeditions were organized to 
canvass flelds and forests for all closely 
related .species. Hundreds of specimens 
were collected from several continents 
for the scrutiny of entomologists with 
encouraging though xinspectacular re- 
sults. Numerous other Papilionaceae, 
including species of Tephrosia, Pachy- 
rhizus, Mundulea and MUlettia, have 
been found to coutai^rotenone and 
rotenoids but not in sufficient quantity 
to warrant commercial exploitation with- 
out modiflcation by geneticists who may 
eventually breed strains of superior 
quality. To date, most progress has 
been made with Tephrosia virgmiana 
by Bussel, Little and their collabora- 
tors of the United States Department 
of Agriculture and of the Texas Agri- 


cultural and Mechanical College, but 
the years of exploration for rotenone- 
bearlng plants which may equal or sur- 
pass the two now in commercial pro- 
duction are by no means concluded. 

Prior to the recent war derris-growers 
in the Par East exceeded the rotenone-^ 
root production of Amazon river-bank- 
dwellers, since the latter hesitated to 
make large plantings of lonchocarpus so 
long as they could more easily exploit 
numerous small reserves originally es- 
tablished for fl.sh poison purposes. Per- 
suaded by root grinders in Belem, the 
Brazilian state of Para in 1934 imposed 
an export embargo on crude root so as to 
channel all local harvests into the proces- 
sors ’ hands. This action likewise re- 
stricted planters’ enthusiasm in what 
was once the most important center of 
lonchocarpus production, since the mil- 
lers, protected by their new law, held 
prices they paid to gatherers at a mini- 
mum, while export values of their pow- 
dered roots soared on an expanding 
world market. 

The Japanese invasion of Far Eastern 
derris countries deprived the United 
States of approximately one-half its pre- 
war supply of rotenone-bearing roots; 
so early in 1942 the incentive of attrac- 
tive long-time minimum price guaran- 
tees was offered to South American 
lonchocarpus producers in hope they 
would swing into large scale operations. 
Peru responded as quickly as could be 
expected, since the crop req\iires two 
and one-half to three years to mature. 
In December, 1942, Par6 revoked its 
export embargo on cultivated crude 
roots so that growers could obtain a 
share of the new incentive prices, but 
to this day Brazil has not recovered its 
once preeminent position. In 1946 the 
United States, which is the world’s 
largest rotenone consumer, imported a 
record 11,369,322 pounds of crude and 
powdered roots. Of this amount only 
29,764 pounds were derris and the re- 
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United States Imposts op Botenone-Beabino Boots, Cbude and 
PowDE&ED, IN 1,000-Pound Units 


Country of Origin 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

Lonchocarpns 
Brazil 

1,562 

1,793 

1,101 

1,047 

1,311 

193 

1,469 

554 

94 

473 

Peru 

378 

477 

1,730 

2,225 

2,525 

2,503 

2,079 

5,452 

8,604 

10,862 

Other (Western 
Hemisphere) 


55 

, 170 

74 

61 


22 

321 

71 

5 

Total 

1,940 

2,325 

3,001 

3,346 

3,897 

2,696 

3,570 

6,327 

8,769 

11,340 

Derris 











British Malaya 

402 

583 

2,326 

1,842 

1,930 

653 





Neth. East In- 
dies . 

57 ■ 

136 

280 

997 

1,700 

430 





l^hilippine 
Islands . 

111 

23 

262 

231 

377 

19 



2 


Other (Westeni 
Hemisphere) 
Other (East 

Asia and 
Africa ) 

Total 

2 

572 

o 

744 

40 

2,908 

152 

3 2‘>2 

93 

4,100 

1,102 



3 

45 

50 

13 

16 

29 


maiiider louchoearpus. Peru supplied 
over 95/(> of the total. Even these im- 
ports were not sufficient to satisfy a 
potential Tiiited States demand esti- 
mated at about 25 million pounds of 
5% I'oteuoiie content from which ap- 
proximately 125 million pounds of com- 
mercial insect powders or their equiva- 
lent could be manufactured. 


Estimated World Production op Botenonk- 
Bkaking Boots (Derris and Lonciiocar- 
pi's) IN 1,000-Pound TTnits 


Country 

1938 

1939 

1940 

Brazil .... 

2,500 

1,500 

1,000 

Peru 

1,500 

2,500 

3,000 

Venezuela .... 

(1) 

200 

100 

British Malaya 

2,000 

(3) 

3,500 

3,000 

French Indochina 

300 

150 

J apan 

Netherlands East In- 

100 

650 

(2) 

2,000 

dies 

250 

1,500 

1,750 

Philippine Islands 

200 

650 

900 


(1) Not available. 

(2) Anticipated production as reported from 
that area. 


Taxonomy 

Botanists have not as yet agreed on a 
scientific name for the Peruvian hmcho- 
carpus which has become so important 
eoramereially as the result of an expand- 
ing plantation industry in the Amazon 
headw'aters region above Iquitos. Their 
hesitancy may be attributed, in part, to 
a lack of fiowering and fruiting her- 
barium collections which would assist 
toward a satisfactory taxonomic de- 
cision. Krukoff and Smith called this 
plant L. vtilis after having studied their 
collections of leaf specimens. Addi- 
tional field and herbarium re.search lead 
Hermann to name it L. Nicon var. utilis. 
In his Flora Of Peru, MacBride even 
classifies it as a form of Derris. Prom 
a horticultural as well as a commercial 
viewpoint it is helpful to maintain a 
generic distinction between the South 
American and the southeast Asian 
plants; so it is fortunate that most 
systematists continue to call it Loncho- 
carpus, even though they do not agree 
on a species name. 
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Bare flowering and even less frequent 
fruiting are apparently characteristic of 
the conuuercially important lonchocar- 
pus species. In 1944 research workers 
at Tingo Maria, Peru, induced flowering 
by girdling branches of two-and-a-half- 
year-old plants ; so, possibly, taxonomists 
may eventually secure fertile specimens 
to study. The type specimen of L. nicou 
was collected in French Guiana and was 


roots exported from Brazil. Perhaps 
until adequate fertile collections are ob- 
tained of French Guiana L. nicou and 
of the Peruvian species whirii Krukoff 
and Smith call L. utilu, the taxonomy 
of the most important insecticide plant 
produced in the Western Hemisphere 
will remain confused. 

In its native habitats lonchocarpus is 
known by various common names, all of 



Figs, 1 & 2. Fruiting and flowering branches, respectively, of LonchocarpuH uruen. 


described by Aublet in 1775v Today 
only leaf fragments remain of that ma- 
terial, and there are apparently no 
known fertile collections; "of authentic 
French Guiana L. nicou available to 
taxonomists. 

The only well species of 

commercial lonchoctu^M is L. wrucu 
which was named by Killip and Smith 
in 1930 after their explorations in the 
Brazilian Amazon whare they gathered 
specimens with flowers and legumes. 
t. urueu is the source of most' of* the 


which connote its value as a fish poison 
in the local tongues. In Peru it is re- 
ferred to in Qnechua as “cube” and in 
Spanish as ‘ ‘ barbasco ’ *. It is designated 
as “timbo” in Brazil, “haiari” in Brit- 
ish Guiana and “nekoe” in Surinam. 

Sources of Commercial Supplies 

Although plants of the genus Loneko- 
carpus are rather widely distributed 
throughqut the Western Hemisphere, 
the present commercial rotenone-bearing 
species -are native only to certain trop- 
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ical rain-forest areas of South America. 
Previous to 1989 most of the total crude 
and pulverized root entering world mar- 
kets was harvested in the Brazilian 
states of Amazonas and Para. Since 
then, however, the quantity grown for 
export on Peruvian plantations has 
steadily increased to the current figure. 

present time, judging from the 
voihme of production, approximately 
12,000 to 18,000 acres are planted in 
eastern Peru. By comparison the culti- 
vation of this crop for export has hardly 
begun in Bolivia, Ecuador, Colombia, 
Venezuela and the Quianas where rote- 
none-bearing species are also native. 
Only slightly more interest has devel- 
oped in Brazil despite that country’s 
one-time dominance of the market. 

The principal production centers in 
Peru are located near the villages of 
Lagunas, Yurimaguas and Tingo Maria 
on the Huallaga River ; Jeberos between 
the Huallaga and the Maranon Rivers ; 
Contamana on the Ucayali River; Bar- 
ranca and Nauta on the Maranon ; 
Iquitos and Tamshiyacu on the Ama- 
zon; and Satipo on the Satipo which is 
a tributary of the Tambo river. In 
Brazil plantings are found near Belem, 
Portel, Mazagao and Macapa which are 
close to the mouth of the Amazon; at 
Porto de Moz on the Xingu ; at Belterra 
on the Tapajoz; and in the environs of 
several villages along the Amazon, Negro 
and Madeira rivers in the State of Ama- 
zonas. In Venezuela small plantings are 
reported near El Tigre in the state of 
Anzoategui and on the Orinoco islands 
of Urbana and El Infiemo on the west- 
ern border of Bolivar State. 

Since the value and technique of cul- 
tivating the plant is little known outside 
of Peru and a few villages in Brazil and 
Venezuela, many years may pass before 
Idnchocarpus becomes established as a 
commercial crop in any other tropical 
country. If it is eventually determined, 
however, that it has a cultivation range 


approximating that of derris, it may 
replace derris to some extent, since, 
using present cultural methods, it re- 
quires less labor to produce equivalent 
amounts of rotenone. 


Field Preparation 

Present methods of lonchocarpus cul- 
ture are those developed through trial 
and error by Amazon Indians and river- 



Fig, 3. Planting loiicliocarpus cuttings in 
eastern Peru. 


bank settlers Avho sought to provide 
themselves with adeqiiate supplies of 
fish poison. 

Plantations, or barbascales, as they 
are known in Peru, are often established 
on what previously has been woodland, 
since in the rain-forest areas of the Ama- 
zon basin it is generally considered an 
easier and more profitable task to open 
up new clearings in the forests than to 
reclaim old cultivated fields from the 
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weeds and keep them clean. This prac- 
tice prevails partly because draft ani- 
mals, moldboard plows “and mechanical 
cultivators are almost unknown, and be- 
cause it is too difficult to combat the 
vigorous encroachment of grasses with 
simple hand tools, such as the hoe and 
the mach^e. 

When a timbered area is felled and 
burned over, it may be littered with 


tributes to the planter’s decision to 
abandon lonchocarpus sites to volunteer 
forest after two or three crops have been 
grown and to open up new land by clear- 
ing woodland areas. Aside from this 
primitive forest-crop-forest cycle which 
may be repeated after long intervals and 
which provides a generous although 
poorly distributed top dressing of wood 
ash minerals to the soil, the Amazon axe 



FlO. 4. {Upper left). Packing bales of lonchocarpus roots at the Victor Israel Co. ware- 
house in Iquitos, Peru. 

Fio. S {Upper right). A log-strewn field in eastern Peru ready for planting cuttings. 

Flo. 6 {Lower left). A plantation of three-year-old lonchocarpus. 

Fro. 7. {Lower right). The exposed root system of a lonchocarpus plant. 


charred stumps and logs,, but for several 
years the farmer finds comparatively 
little grass growth competing with his 
crop. Of course, anujpl- or tractor- 
drawn implements eoum not be used on 
land cleared in this superficial manner, 
even if the farmer could afford them. 

Reduced soil fertility, due to the 
leaching of certain elements and rapid 
oxidation of organic matter, also con- 


and machete farmer has not yet devel- 
oped field crop rotations and manurial 
treatments which will maintain the pro- 
ductivity of upland soils indefinitely. 
Some of the soils on which crops are 
grown under this system of shifting cul- 
tivation would not be capable of con- 
tiituous .clean cultivation, even with bet- - 
ter treatment. They would rate as sub- 
mairginal lands that would not have been 
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cleared had permanent agricultural use 
been contemplated, but they are fully 
capable of producing one to several satis- 
factory crops before they must be aban- 
doned to volunteer bush cover. 

Land clearing operations generally 
take place during the drier months of 
the year, so that undergrowth and the 
leaves and branches of fallen trees will 
have an opportunity to dry out suffi- 
ciently to burn. In the Amazon region 
there is little danger that brush fires will 
spread beyond the clearings into the 
green growth of the surrounding rain- 
forest ; so on a clear day, when the trash 
is dry enough and there is relatively 
little wind, it is set ablaze. The fiash 
burn consumes the mass of debris within 
a few minutes, but slow smouldering 
fires ignited in stumps and logs may con- 
tinue for days or weeks. No further 
seed bed preparation is practiced by the 
grower who simply waits until the sub- 
sequent rainy season to plant his crops. 

Propagating Material and Field 
Planting 

Techniques used to cultivate loncbo- 
carpus resemble those emploj’ed by the 
Amazon native to grow' yuea, Manihat 
esculenta Crantz, which is his principal 
subsistence crop. Both plants are vigor- 
ous and will return fair yields, even 
though cultivated in a rather haphazard 
manner. For propagating material the 
planters use leafless stem cuttings 10 to 
18 inches in length and from three-quar- 
ters to two inches in diameter. The 
average farmer exercises little care in 
the preparation of these cuttings which 
are often needlessly bruised and crushed 
or even exposed to sun and rain before 
planting. As a consequence a mortality 
of 50% or more is not unusual. By 
observing reasonable precautions; survi- 
val can be 80% or more. The cuttings 
which usually possess from three to six 
axial buds are set into holes made with 
digging sticks, hoes or machetes. They 


are inclined at angles varying from ap- 
proximately 15° to 60°. The apical por- 
tions with one or two buds are left ex- 
posed, while the remainder of the cut- 
tings are covered with soil which is 
firmed around them by the tramping of 
the planters’ feet. One or two cuttings 
are placed in a single hole, and some- 
times two or more holes may be dug side 
by side. Some planters even dig a series 
of holes to form such circles, squares, tri- 
angles and rectangles. Seldom is a field 
laid out in rows or check rows, since the 
tangle of stumps and fallen logs makes 
precise spacing impossible. Distances 
between plants and planting designs are 
not standard. Keports range from three 
to 12 feet, although five to seven feet 
seems to be most common. Closer spac- 
ing is generally practiced w'hen only one 
or two cuttings are used at each location 
and where skips are likely to occur due 
to poor survival of the cuttings. 

Interplanting 

The average rural Amazonian is a sub- 
sistence farmer and hunter. He grows 
crops such as yuca, beans, corn, rice, 
bananas, plantains and okra to assure 
himself a minimum food reserve. He 
also gathers a portion of his sustenance 
from the forest and the rivers. Wild 
nuts, fruits, roots, palm hearts, fish and 
game contribute to his diet. He requires 
a small amount of money to buy tools, 
clothing, patent medicines, ammunition 
and other essentials. Lonchocarpus is a 
cash crop ideally suited to his needs. 
It requires two and a half to three years 
to reach maturity, and during the first 
year while the plants are still small they 
can be conveniently interplanted with 
food crops which will not interfere with 
development of the lonchocarpus. Dur- 
ing the second and third years the lon- 
chocarpus grows to a height of six to 
eight feet, and the plantation broadens 
into a bushy thicket. At that stage inter- 
planting becomes impractical, although 
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mats of bananas, plantains and pine- 
apples which have become established 
arb left undisturbed. The average Ion- 
ehocarpus planter has several small 
fields at various stages of maturity, and 
in those which have recently been estab- 
lished he has little difSculty finding 
room for liis subsistence crops. 

Weeding 

Using hand tools, as is the. present 
custom, the average family raising lon- 
chocarpus cannot maintain more than 
five to six acres in production at any 
single time. Experienced growers at 
Lagunas, Peru, in 1943 informed the 
vrriter that a hectare, or 2.4' acres, of 
two-and-a-half to three-year-old plants 
on virgin land, which will normally yield 
about 10,000 pounds of green root or 
5,000 pounds of air dry root, requires 
an average of 300 man days of labor. 
This figure was reduced to averages of 
115 days for clearing and burning the 
virgin forest, 20 days for cutting up 
stems of mature plants for propagation 
material and planting them, 85 days for 
chopping weeds and 80 days for harvest- 
ing. On old cropland approximately 36# 
to 400 man days were required to pro- 
duce such a crop. The initial effort to 
clear the land was less, but consideral;)ly 
more time was spent in chopping back 
weeds with a machete during the sub- 
sequent years. Once established a field 
requires no attention other than occa- 
sional weedings until harvest time. If 
the stand is a relatively full one, as the 
plants grow taller and broader they tend 
to shade out weed growth. 

Harvest and Preparation for Market 

The harvesting of lanchocarpus roots 
is a task requiring stamina. The fresh 
roots of two-and-a-half-year-qld plants 
will ordinarily weigh from one to five 
pounds. As a general rule, most of the 
roots spread out laterally but a few grow 
almost directly downward, Th^ gather- 


er’s job is to salvage as much of the entire 
root system as possible. To accomplish 
his work he first severs the trunks of the 
plant about a foot and a half from the 
ground with a few machete slashes. He 
then pries under the crown of the plant 
with a long, stout, sharp-pointed pole 
which he drives into the ground with 
several vigorous jabs. By exerting some 
leverage on the end of the pole he is able 
to lift the crown slightly above the level 
of the soil so that he can see where the 
main roots are attached. He then severs 
the roots on one side of the plant and 
pulls them from the ground individu- 
ally. If they are very large roots or 
penetrate more than a few inches below 
the surface of the ground he may be 
obliged to pry them loose with his stick 
or dig them out with his machete. The 
roots still attached to the crown are more 
easily removed by pulling backward on 
the attached butt of stem and ripping 
them out of the soil, sometimes with the 
assistance of the digging stick or ma- 
chete. The operation takes a strong 
back and arms, and only a man of con- 
siderable endurance can engage in this 
task for more than five or six hours a 
day. The average farmer gathers and 
carries away from the field about 125 
pounds of fresh roots in a da 5’'’8 time. 
To facilitate carrying he securely ties his 
roots into a single large bundle bound 
with long pieces of forest liana. 

By harvest time the average indepen- 
dent grower has had to borrow cash ad- 
vances on his crop from his patron or 
from a local merchant. In payment of 
these debts he may deliver his roots to 
his creditor. He may, on the other 
hand, sell his entire plantation at har- 
vest time to a representative of some 
commercial company. These representa- 
tives, known in Peru as “regatones”, 
will contact the individual grower and 
offer him a price. If the proposal is ac- 
cepted the-planters.’ debts are paid to his 
creditors the reputon. ' 
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Patrons, merchant creditors and the 
commercial houses represented by the 
regatones maintain crudely built shelt- 
ers in the principal production centers 
where they collect and store the fresh 
root until they have enough to ship by 
steamboat to the port of Iquitos. Some 
patrons and regatones who operate on 
a small scale may even transport their 
collections by dugout canoe or balsa raft. 
When the roots arrive in Iquitos, those 
which are not already owned by the 
larger export companies are bought and 
stored for air-drying in the exporters’ 
warehouses. Roots which are exported 
crude are kept in storage several months 
until their moisture content has been re- 
duced to approximately 20% of their 
weight. (When fre.sh they contain about 
60% moisture.) Then they are packed 
into bundles wrapped in burlap or un- 
bleached muslin. On the ocean voyage 
they usually lose considerable moisture 
and arrive in the United Stat<‘s in a 
fairly dry condition. 

In recent years a grinding industry 
has been established in Iquitos, Peru. 
Roots for grinding are first air dried, 
then chopped and oven dried before be- 
ing passed into the mill. The final prod- 
uct, all of which is 200 mesh or finer, is 
packed into bags for shipment. 

Selection of Superior Quality Strains 

The commercial value of lonchocarpus 
roots on the United States market is 
determined by their rotenone content, 
even though insecticide manufacturers 
and entomologists recognize the secon- 
dary importance of the rotenoids. Con- 
sequently the growers of both loncho- 
carpus and derris are particularly in- 
terested in cultivating tho.se strains 
which will yield roots of highest pos- 
sible rotenone percentage. As with 
many other economic plants, the first 
major task of selecting superior strains 
from nature’s miscellaneous variety was 
probably accomplished by primitive man. 


Perhaps in their search for effective 
fish poisons the aboriginal inhabitants 
of the South American rain-forests dis- 
covered and propagated some of the 
more potent loncWarpus plants. The 
majority of contemporary commercial 
barbascales have been established from 
lines of plants perpetuated by the 
Indians and more recent immigrant 
settlers. 

When the commercial possibilities of 
lonchocarpus production were recog- 
nized in both Brazil and Peru in the 
early 1930 ’s the most enterprising mer- 
cantile houses, operating through their 
rural intermediaries, established collec- 
tions of living plants from the areas 
where they purchased the best grades of 
roots. In Peru a few of these intro- 
duction gardens eventually expanded 
into community plantations where indi- 
vidtial families now grow a few acres 
each and where the total area dedicated 
to the crop in some cases involves 1,000 
to 3,000 acres. 

In 1942 the Institute Agrouomieo do 
Norte at Belem, Brazil, began a system- 
atic study of hundreds of mature indi- 
vidual lonchocarpus plants of both L. 
urncu Killip and Smith, and L. iitdis 
Krukoff and Smith, which had been 
brought to Belem by plant explorers. 
Chemical analyses of samples taken from 
the roots of these individuals revealed a 
range in rotenone content from 0.9% to 
20.1% among 148 plants of L. iitih's 
which were estimated to be between 
three and five years of age. Weights 
of fresh roots harvested from these indi- 
viduals varied between 20 and 3,895 
grams. At the same time 232 individual 
L. urueu plants approximately three to 
five years of age were studied in the 
same way. Their rotenone content 
ranged from a low of 2.2% to a high 
of 11.2% and fresh root weights varied 
between 25 and 6,420 grams. At the 
present time the average commewial 



436 


ECONOMIC BOTANY 


root shipments contain from 4% to 6% 
rotenone. 

An interesting feature ’Of the Institute 
Agronomioo do Norte’s work is the ob- 
servation that certain high root weight 
producing L, utmlcu strains may be more 
profitable to cultivate than the com- 
monly preferred which usually 

produces a higher liphone content but 
less root weight during an equal growth 
period. As the Institute Agronomico do 


Norte technicians emphasize, the com- 
mercial producer should be interested in 
achieving the highest totel of rotenone 
per here per year. 

Work similar to that being done in 
Belem is being conducted by the Bsta- 
cion Experimental Agricola de Tingo 
Maria in Peru and by the Estacion Ex- 
perimental Agricola del Ecuador at 
Pichilingue on the Vinces River in 
Ecuador. 


Bananas. The following are the princi> 
pal varieties of banana cultivated in the 
American tropics. 

Gaos Michel. This variety, known also 
as the Jamaica, Martinique and Roatan 
banana, is the variety that has attained the 
greatest commercial importance and is nearly 
the only one commonly known in the United 
States. The “fruit is never allowed to ripen 
on the plant, as the skin bursts open and the 
pulp falls prey to insects and birds. In addi- 
tion, the pulp becomes granular in texture, 
and the flavor is less palatable. Bananas are 
always cut green but at varying stages of 
maturity depending upon the ultimate desti- 
nation. If the shipment is for European 
consumption, greener fruit is cut thah that 
intended for the United States and Gilhada”. 

“The usual marketable bunch or stem of 
Gros Michel has from 8 to 10 hands, or 
clusters, each containing approximately 18 
fruits, called fingers, making from 150 to 180 
bananas in all. ... Of nearly 90,000,000 
Imnches of bananas exported annually before 
the war from Mexico, Central America, the 
West Indies and South America, at least 90 
percent were Gros Michel. The United States 
took roughly, 55,000,000 of the total amount”. 

CiABET. This variety with purplish-red 
skin is little known in the North, but some- 
times appears in markets at Christmas time. 
The flavor is similar to that of the Gros 
Michel, but the texture is rather gummy, and 
the bunches are smaller with fewer hands and 
fingers. 

Lady Fxkgxr. Known also as Golden 
Early, Rose or Date banana, this delicious 
variety is only three to four inches long and 


is popular in Latin America. Its thin and 
easily bruised skin hinders profitable ship- 
ment. 

Apple. Thin-skinned and similarly difiS- 
cult to transport, this variety, too, is not 
knowm in northern markets. It is four to five 
inches long and has an apple-like odor and a 
rather granular texture. 

The foregoing are but four of the 150 to 
200 known varieties of the species Mma sapi- 
entuim L., nearly all of which are food pro- 
ducers. 

Cavendish. This one, known also as Chi- 
nese, Canary and Dwarf banana, is the vari- 
ety Cavendishii of M. nana. It ranks second 
in commercial importance after the varieties 
of M. aapientum, and produces bunches of 
200 bananas sometimes as large as those of 
the Gros Michel. The plants are only five to 
seven feet tall, however, instead of up to 25 
feet as are those of Gros Michel. This vari- 
ety is more important in southeastern Asia, 
lands of the central Pacific Ocean, Africa and 
the Canary Islands than in the western 
hemisphere. 

Plantain. Plantains, known in several 
varieties according to shape, size and color 
of the fruit, differ from the foregoing forms 
in having to be boiled, fried or baked before 
being edible. They are all forms, of the spe- 
cies Mma paradisiacal and some of them 
yield the largest fruits of the banana family. 
These cooking bananas have for long been a 
bash^ food of hundreds of thousands of 
people in tropical lands. (D, E. Farringtr, 
Agriculture in the Americas 7(4-5): 63, 
1947). 
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K. C. ROARK 

U, S, Department of Agriculture 


Introduction 

Nearly 1,200 species of plants have 
been reported in the literature to be of 
possible insecticidal value (29), but of 
these only a few — ^tobacco, pyrethrum 
and the rotenone-bearinfr plants Derris 
and Lonchocarpus — are used extensively. 
It is the purpose of this paper to call 
attention to some of the other plants that 
seem to have sufiBcient insecticidal prop- 
erties to justify further research to 
ascertain their possibilities in insect con- 
trol. Althou(;h the entomologist now has 
DDT, benzene hexachloride, chlordane, 
hexaethyl tetraphosphate and other syn- 
thetics with which to fight pests, he needs 
additional weapons in order to wage war 
against an increasing number of insect 
enemies. The synthetics are specific in 
their action on insects, proving to be 
highly toxic to some species and practi- 
cally inert to others. No one insecticide 
answers all purposes. In the develop- 
ment of new insecticides, those derived 
from plants deserve careful consideration 
because they are highly effective against 
many of our worst insect enemies, are 
harmless to other plants and are rela- 
tively non-toxic to warm-blooded animals. 

The plants mentioned in this review 
are those which appear to be especially 
promising for use as insecticides. How- 
ever, so little research has been dope with 
plant constituents as insecticides that 
many additional plants will doubtless be 
found useful in the control of pests. A 
search for new insecticides among plants 


will amply repay the investigator who 
takes care to avoid the numerous pitfalls 
in such an undertaking (36). 

Plants contain not only toxic materials 
valuable as contact or stomach poisons 
to insects, but also substances useful as 
synergists (sesamin), wetting and emul- 
sifying agents (saponins), adhesives 
(rosin oil) and stabilizers (tannin) to be 
used with pyrethrum, rotenone or other 
insecticides. 

In the following discussion the plants 
are treated alphabetically, according to 
family and to genus. A more logical 
arrangement would be according to the 
chemical nature of the insecticidal con- 
stituents in the plants, but the limited 
information on the chemistry of these 
compounds does not permit this classifi- 
cation. Also, insuflScient work has been 
done with these plants to permit their 
grouping according to their action on 
insects. 

Apocynaceae 

Haplophyton cimicidum A. DC., called 
the cockroach plant, has been used since 
time immemorial in Mexico for killing 
cockroaches, fiies, mosquitoes, fleas, lice 
and other insects. The reports by in- 
vestigators on the insecticidal value of 
this plant differ greatly, probably be- 
cause its chemical composition may vary 
with growing conditions, such as idtitude 
and soil. Plummer (34) in 1938 re- 
ported the dried leaves to be toxic to the 
Mexican fruitfly. Water extracts of the 
stems of plants grown in Arizona were 
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highly toxic as both stomach and contact 
insecticides when tested against adult 
house flies. Crude “alkaloid” from this 
plant proved to be effective against most 
insects on which it was tested. For ex- 
ample, it was as toxic as pyrethrum to 
the squash bug and the blister beetle. 
Other efforts to isolate the toxic constitu- 
ents were unsuccessful (U, 16). ' 

Aste^eae 

Heliopsis longipes (A. Gray) Blake 
grows in the vicinity of Mexico City 
where the roots are employed in the 
preparation of insecticides for local use. 
A specimen of the roots was sent to the 
Bureau of Entomology and Plant Quar- 
antine at Beltsville, Maryland, under the 
name Erigeron affinis DC., but when a 


botanical specimen was received some 
time later it was identified as Heliopsis 
longipes by S. P. Blake of the Bureau 
of Plant Industry, Soils, and Agricul- 
tural Engineering. 

The roots yielded about 1 per cent of 
an amide (3) which, on the basis of the 
mistaken identity of the plant, was called 
“afflnin”. This amide was later (4) 
identified as N-isobutyl-2,6,8-decatrieno- 
amide, C 14 H 23 NO. Afiinin has the same 
paralyzing action and toxicity to house 
flies as do the pyrethrins, and is also 
toxic to other insects, including codling 
moth lan’ae and several leaf-eating 
insects. 

Bixaceae 

The stems and roots of the Mexican 
plant Ryania speciosa Vahl. contain alka- 



Ew. 1. Dr. H. L. Haller, chemist of the II. S. Bureau Of Entomology and Plant Quarantine, 
with some thunder god vine, Tripterygiwm wilfordU, grown at Dlenn Dale, Md., from cuttings 
obtained by one of the Department explorers in Cliina where the powdered roots of this species 
have long been used as an insecticide by market gardeners. (17.S.D.A. photo by Purdy). 
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loids toxic to many kinds of insects and 
to rats. A proprietary insecticide pre- 
pared from this plant was first tested in 
1943 against the European corn borer 
and found to give excellent control, be- 
ing essentially equal in effectiveness to 
DDT (33). This material also proved 
to be toxic to the oriental fruit moth on 
quince (48). The method of preparing 
an insecticide from Ryania extract and 
its value for the control of many species 
of insects are described by Folkers et al. 
(18). 

Unpublished results of tests made by 
the Bureau of Entomology and Plant 
Quarantine indicate that an extract of 
this plant is effective against cabbage 
worms, melonworms, squash bugs, cod- 
ling moths and black carpet beetle larvae, 
but ineffective against house flies and 
both adults and eggs of the body louse. 
At present the chief use of Ryania as an 
insecticide is for the control of the Euro- 
pean corn borer on sweet corn in New 
York and New Jersey. 

Celastraceae 

THpterygimn wilfordii Hook, f., lei 
kung ting or thunder-god vine, is widely 
cultivated in China where the powdered 
roots are used extensively for the control 
of vegetable insects. In 1939 powdered 
fresh small roots, grown from imported 
Chinese cuttings by the United States 
Department of Agriculture at Glenn 
Dale, Maryland, were found to be very 
toxic to first-instar larvae of the codling 
moth, the diamond-back moth and the 
imported cabbage worm. Alcoholic ex- 
tracts of the roots were even more toxic. 
Small roots when powdered were about 
half as toxic as pyrethrum to the Ameri- 
can cockroach, but the medium and large 
roots were non-toxic (47). Attempts to 
isolate the active principle, which belongs 
to the class of ester alkaloids, wea’e un- 
successful, but an insecticidally inert red 
pigment, tripterine, was obtained from 
the root bark. This is the same pigment 


found in the root bark of the related 
North American bittersweet, Celastrm 
scandens L. (38). 


Chenopodiaceae 

Anabasis aphylla L., indigenous to the 
steppes of the Caspian region, contains 



Fig. 2. Roots of the thunder god vine. 
Chemists and entomologists of the U. S. Depart- 
ment of Agriculture are investigating the possi- 
bility of preparing an insecticide from such 
roots. (U,S,I),A, plwio by Purdy). 

a mixture of alkaloids, chiefly anabasine 
which is a liquid isomer of nicotine and 
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closely resembles it in pharmacological 
and insecticidal properties. About 15 
years ago the Bussians parketed in this 
country an insecticide called “anabasine 
sulfate”, 40 per cent solution, which was 
prepared from Ana^sis and contained 
all the alkaloids naturally present in that 
plant, inckiding about 32 per cent of the 
anabasine. Tests made by American and 
Russian entomologists with this commer- 
cial insecticide showed it to equal or 
exceed a 40 per cent nicotine-sulfate solu- 
tion in toxicity to several kinds of aphids 
and other soft-bodied insects (35, 37). 
Laboratory tests with pure anabasine 
(7) showed it to be more toxic than nico- 
tine to cabbage aphids, nasturtium 
aphids, pea aphids and citrus red mites, 
but less toxic than nicotine to celery leaf 
tiers, large milkweed bqgs and spider 
mites. Anabasine proved to be less toxic 
than nicotine to codling moth larvae 
(39). The Russians withdrew anabasine 
from the American market about 10 
years ago, and at present we are without 
a commercial source of this promising 
insecticide. Anabasine also is present in 
certain species of Nicotiana (40), espe- 
cially N. glauca R. Grab., the tree tobacco 
of the Southwest. As much as 6.6 per 
cent of anabasine was found in the leaves 
of one of the unpruned hybrids Nicotiana 
rustiea L. x JV. glauca R. Grab, (49), and 
cultivation of this hybrid appears to be 
the best way of producing anabasine on 
a large scale. 

Euphorbiaceae 

The seeds of Croton tiglium L., which 
contain croton oil as specified in the 
National Formulary Vl, are used in 
China as an insecticide. Spies (41) in 
1933 reported that an hcetone extract 
of the seeds was more toxic than derris 
extract to goldfish ; also that croton resin 
was more toxic than rotenone. A chemi- 
cal study of the resin showed that its 
toxicity is due to the presence of hy- 
droxyl groups. Croton resin is highly 


vesicant, resembling poison ivy. Al- 
though complete methylation of the hy- 
droxyl groups yielded a resin free from 
vesicant action, the product was also non- 
toxic (17, 42-44). 

Bicinus communis L., the castor-bean 
plant, has long been reputed to have in- 
secticidal value. In 1940 Holzcker (24) 
announced a proprietary insecticidal 
spray material prepared from the leaves, 
but the value of this has never been estab- 
lished. Mclndoo (30) reviewed the 
literature and concluded that the reports 
of the efficacy of this plant in killing in- 
sects were greatly exaggerated. Haller 
and Mclndoo (23) called attention to the 
fact that, although ricin, a protein, and 
ricinine, an alkaloid, are poisonous to 
vertebrates, little is known of their effect 
on insects. Both these principles occur in 
the seeds as well as- in other parts of the 
castor-bean plant. Ricin was found to 
be non-toxic and ricinine to be highly 
toxic to codling moth larvae ; both proved 
valueless when tested against house fiies. 
Haller and' Mclndoo concluded that it is 
possible that an insecticidal. principle is 
present in the castor-bean plant only 
under certain conditions with respect to 
variety, cultural practice and environ- 
ment. It would appear that the accepted 
use of the castor-bean plant as a source 
of insecticide awaits the isolation, identi- 
fication and methods of analysis of the 
specific substance or substances toxic to 
insects. 

A valuable synergist for use with py- 
rethrum, namely N-isobutyl undeeylene- 
amide, is prepared from isobutylamine 
and undecylenic acid which is obtained 
on pyrolysis of castor oil. Turkey-red 
oil, a useful emulsifier for insecticidal 
oils, is made by the action of sulfuric acid 
on castor oil. 

Fabaceae 

In 1928 the Division of Insecticide In- 
vestigations began work on a project to 
find plants Yhat contain insecticidal prin- 
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ciples. Extracts from a wide range of 
plant species were tested on goldfish be- 
cause it had been found that plant ex- 
tracts non-toxic to fish are also non-toxic 
to insects, and this test permitted rapid 
screening out of the large number of 
materials of little promise. In pursuance 
of this project the writer, in 1931, col- 
lected specimens of Amorpha fruticosa L. 
in North Carolina which were tested by 
Spies ( 41 ) . An acetone extract prepared 
from the whole plant and tested at the 
rate of 0.2 gram of plant per liter of 
water killed four goldfish in 278 mimites, 
as compared with 92 minutes for a simi- 
lar extract of derris (1.7 per cent rote- 
none). 

Inasmuch as several other plants 
proved much more toxic to goldfish than 
Amorpha fruticosa, it was not investi- 
gated further. In 1937 Moore (32) re- 
ported, on the basis of positive Durham 
tests, that roteuone is present in the 
roots, .stems, bark and seeds of this plant 
from Nebraska. In 1939 Haller collected 
a sample of roots in Louisiana which 
were found to contain no rotenone (25). 
In 1942 Peatherly of the Oklahoma Agri- 
cultural and Mechanical College sug- 
gested that, inasmuch as this plant is 
widely distributed throughout the Missis- 
sippi River Valley, its seed might serve 
as a source of rotenone during the war 
emergency. Seed collected by Peatherly 
and others from widely different loca- 
tions was examined in the Bureau. Al- 
though all the samples gave a positive 
Durham test and Gross-Smith-Goodhue 
test, no rotenone or any of the rotenoids 
could be isolated from any sample. A 
new glycoside, called “amorphin”, 
CssH^Ois (m.p. 151-151.5° C.), was iso- 
lated from the seed and was found to 
react positively to the color tests for rote- 
none (1, 2). 

Brett (9) of the Oklahoma Agricul- 
tural Experiment Station has recently 
reported the results of a study of the 
insecticidal properties of Amorpha which 


reside largely in resinous pustules on the 
pods. Tests on 29 species of insects and 
mites showed that the extract acted as 
both a stomach and a contact poison, and 
that it was also repellent to house flies 
and horn flies for more than 12 hours 
when sprayed on cattle. Among the 
insects which are the most susceptible 
to the insecticidal principle, called 
“amorpha”, are chinch bugs, cotton 
aphids, pea aphids, chrysanthemum 
aphids and spotted cucumber beetles. 
Amorpha had no effect on the skin, b\it 
poisoned a guinea pig which was fed an 
amount equivalent to four grams of pods. 

Liliaceae 

The seed of the lily Schoenocauloii 
officinale (Schlecht. & Cham.) A. Gray, 
sabadilla, has been used as an insecticide 
since the sixteenth century, but until 
recently this material was employed 
mainly for the destruction of lice on man 
and domestic animals (15). The short- 
age of rotenone caused by the outbreak 
of war in 1939 stimulated the testing of 
sabadilla against insects injurious to food 
crops, and lately it has been sold on a 
large scale for the control of hemipterous 
insects, such as squash bugs, chinch bugs, 
harlequin bugs and Lygus bugs (26). 

Entomologists at the University of 
Wisconsin have been leaders in the in- 
vestigation of the insecticidal possibili- 
ties of sabadilla and have patented a 
method of increasing its toxicity, which 
consists in heating the powdered seed in 
kerosene or other solvent to 150° C. for 
about one hour. If the material is to be 
used in dusting-powder form the pow- 
dered seed is heated without a solvent 
(5). 

During 1945 and 1946 annual imports 
of sabadilla seed into the United States 
amounted to 120,000 pounds, mostly 
from Venezuela. 

Pedaliaceae 

The seeds of Sesamum indicum L. {8. 
orientale L.) yield sesame oil, an edible 



442 


ECONOMIC BOTANY 


semi-dry iug oii^hich is of interest to the 
entomologist because it contains sesamin, 
a powerful synergist for the active prin- 
ciple of pyrethrom flowers when tested 
on house flies. The value of sesamin for 
this purpose has been demonstrated (21, 
22). Sesamin alone (0.2 per cent) in 
reflned kerosene killed only 4 per cent , of 
tlie flies, pyrethrum alone (0.05 per cent) 
killed 19 per cent, and a mixture of the 



Pig. 3. A fruiting plant of sesame, urn 

mdieum, on the grounds of the Division of 
Agriculture for Littoral, of Guayaquil, 

Ecuador. Sesame seeds have lor generations 
been the source of an edible oil in the Orient. 
The oil contains an ingredient, sesamin, that 
strongly activates the well known insecticide, 
pyrethrum. (U.S.D.A. photo by Mitchell). 

two in these concentrations filled 84 per 
cent. Sesame oil was an ingredient of 
the pyrethrum liquefled-gas aerosol 
bombs of which 40,(XX),000 were used by 
the armed forces during World War II. 
The original formula called for 2 per 


cent of sesame oil ; later this was in- 
creased to 8 per cent. 

Pinaceae 

Pine oil obtained from Pinus palustris 
Miller is an ingredient of some sprays 
utilized for killing and repelling flies on 
cattle. Pine tar and pine-tar oil have 
been used in preparations for repelling 
blow flies from livestock. Of particular 
interest to the chemist is the recent de- 
velopment of a synthetic insecticide, 
CiuHioClg, made by chlorinating ctun- 
phene, which in turn is made by isomer- 
izing the pinene in turpentine. This 
chlorinated camphene is a light-yellow 
waxy product with a very mild piny odor 
containing 67 to 69 per cent of chlorine 
(45). Against household insects, such 
as house fly, German cockroach, black 
carpet beetle, furniture beetle, webbing 
clothes moth and bedbug, it displays high 
toxicity. It rivals DDT in its residual 
toxicity, but like DDT it has, poor knock- 
down. Bishopp (6) reported that chlori- 
nated camphene (called 3956) is slightly 
less toxic than DDT as a contact spray 
against adults of the yellow-fever mos^ 
quito, but against the body lice it is more 
toxic and more persistent than DDT. It 
has given promising results against in- 
sects attacking cotton, and its possibili- 
ties as an insecticide against a wide range 
of agricultural insect pests are being 
investigated. 

Rutaceae 

Phellodendron amurense Rupr., the 
Amur corktree, is a native of eastern 
Asia, but is cultivated as an ornamental 
in the United States. The fruit from a 
tree growing on the grounds of the Capi- 
tol, Washington, D. C., was found to be 
very toxic to mosquito larvae, house flies 
and codling moth larvae, but non-toxic 
to southern army worm larvae (19, 46). 
The toxic constituent resides in the un- 
saponifiable portion of the oil, but no 
crystalline derivative of it could be 
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obtained. The interesting observation 
was made that the toxic constituent 
whicii, like the pyrethrins, is a fast-act- 
ing poison, is very toxic to house flies in 
acetone solution but not in kerosene, 

■ The petroleum-ether extract of the 
bark of the southern priekly-ash, Zan- 
thoxylum clava-herculis L., contains 
asarinin which is structurally related to 
sesamin and, like sesamin, markedly in- 
creases the effectiveness of the pyrethrins 
when tested against house flies. For 
example, in a series of tests refined kero- 
sene containing 0.05 per cent of pyreth- 
rius killed an average of 25 per cent of 
the flies after 24 hours, asarinin (0.18 
per cent ) killed 14 per cent, and a mix- 
ture of the two killed 88 per cent (20). 

In addition to asarinin the bark of the 
southern priekly-ash contains a substance 
highl}' toxic to house flies which resem- 
bles pyrethrum in its action (27). 

Simaroubaceae 

The water extract of the wood of the 
trees Aeschr ion excelm (Swartz) Kuntze, 
Jamaica quassia, and Quassia amara L., 
Surinam quassia, finds some u.se in agri- 
culture as an aphicide (10). It was con- 
clutled on the basis of a careful study of 
the insecticidal properties of quassia 
(31) that because of its low action an 
atjueous extract of quassia is much less 
reliable than nicotine .sulfate; moreover, 
it is not a general insecticide for all 
aphids. The chemistry of quassia has 
also been studied (12t14). McGovran 
et al. (28) made laboratory insecticidal 
tests of a crystalline compound extracted 
from quassia wood, quassin, on the green 
peach aphid, the house fly, the Mexican 
bean beetle and the American cockroach, 
and found it to have little if any toxicity 
to these insects. 

Quassin and related compounds from 
quassia are soluble in water and liave an 
intensely bitter taste. These properties 
suggest their use in tree injection to con- 
trol insect pests feeding on the sap. 


Plants whose roots were watered with a 
dilute solution of quassin were free of 
aphids, indicating that the quassin was 
taken up and translocated throughout 
the plant. Similar results were obtained 
when soluble selenium compounds were 
added to cultures of wheat. The advan- 
tage of quassin for this purpose is its 
non-toxicity to man. 

Solanaceae 

Bowen (8) found the dried leaves of 
the Australian plant Duboisia hopwoodii 
P. Muell. to contain 3.3 per cent and the 
larger .stems 0.5 per cent of nornicotine. 
This alkaloid also is found in many spe- 
cies of Nicotiana. Smith and Smith (40) 
examined 29 wild species of the latter 
genus for alkaloids and reported that five 
species contained nornicotine only, and 
18 contained a mixture of nornicotine 
and nicotine w’ith the former predomi- 
nating in most cases. Certain American 
tobaccos used in the manufacture of low- 
nicotine cigars have been found to con- 
tain as much as 0.7 per cent of noimico- 
tine, and one-eighth of the total alkaloids 
in certain samples of commercial nicotine 
sulfate solution was nornicotine. 

Nornicotine is more toxic than nicotine 
to the nasturtium aphid and the pea 
aphid ; about eqxially toxic, to the cabbage 
aphid, the citrus red mite, and the spider 
mite; and less toxic to the celery leaf 
tier, the large milkweed bug (7) and 
codling moth larvae (39). 
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Cork. Since their inception in 1940 under 
the sponsorship of the late Charles E. Mc- 
Manus, former President and Chairman of 
the Board of the Crown Cork and Seal Com- 
pany of Baltimore, Maryland, experimental 
plantings of cork oak (Quercus Suber L.) in 
the warmer parts of the United States have 
been expanded to include 22 States. This 
work has been carried on with the coopera- 
tion of Federal and State foresters, county 
farm agents and other governmental depart- 
ments. For this purpose more than five tons 
of cork acorns were gathered in California 
in the autumn and winter of 1945-1946, and 
from 1940 to 1946 the distribution of domesti- 
cally collected acorns increased from 500 
pounds to a peak of 13,800 pounds annually. 
All these acorns, except approximately 200 
pounds gathered yearly in Arizona and the 
South, were obtained in California from trees 


planted there years ago. In addition, acorns 
have been imported from Spain, Morocco and 
Algeria. Acorn germination varies from 
50% to 80%. 

Since 1940 virgin cork has been stripped 
from 516 trees of long standing, 20 of them 
in Arizona and the South, the others in Cali- 
fornia. These strippings, made from 1940 
to 1945, removed 25,658 pounds of cork which 
has been manufactured into various products 
and found to be of excellent quality. Second 
growth cork of high quality has also been 
removed. 

Successful experimental grafts of cork oak 
on both evergreen and deciduous American 
oaks have been made, and rooted cuttings 
have also been used for propagation pur- 
poses. Planting of acorns, however, is still 
the most effective means. (G. B, Cooke, Sci- 
entific Monthly 6i: 117, 1947), 



Use of Synthetic Hormones as Weed Killers in 
Tropical Agriculture 

The introduction of chemical weed-control, through 
^ the use of highly effective, selective and inexpensive 

hormone heMcides, permits proStabie crop produc- 
tion in the tropics where old tools and methods, com- 
bined with an increase in labor costs, have created a 
serious problem of eradicating the luxuriant growth 
of tropical weeds. 

J. VAN OVERBEEK^ 


Shell Oil Company, 

Introduction 

A FEW years ago my associates and I 
selected for •weed-control experiments a 
field in which sugar cane had recently 
been planted. The cane was about one 
foot above the ground, and an abun- 
dance of small weed seedlings gave the 
field a greenish hue. The weather was 
warm, as it usually is in Puerto Rico, 
and the soil was rich and contained 
ample moisture. When we returned two 
weeks later, a lush blanket of broad- 
leaved weeds, some t-w'o feet in thickness, 
had all but covered the cane crop. 

At that time the field was sprayed with 
an 0.075% aqueous solution of the am- 
monium Mlt of 2,4-D. Two weeks later, 
when the plantation was revisited, the 
weeds were down and the cane was again 
free to take full advantage of its favor- 
able environment. Half a dollar 's worth 
of 2,4-D per acre had restored the bal- 
ance in favor of the cane' crop. 

Phenomenal weed gro'wth is the rule 
rather than the exception in moist tropi- 
cal regions. The farmer in these areas 
is obliged to wage a constant battle 
against weeds in order to keep them 
from gaining the upper hand over his 
crops. Archaic tools, such as the hoe 

il^rmerly: Anistant Plwetor, Institute of 
Tropical Agrienltare, Puerto Bico. 


Modesto, Cahfornm 

and the machete, are still being widely 
used as the main implements in weed 
control. With field labor demanding a 
higher standard of- living it is obvious 
that its wo^ output has to increase in 
order to justify the higher pay and still 
make economical production possible. 
This cannot be done with the old tools 
and the old methods. Modem weed 
killers, in combination with modern ap- 
plicators and techniques, oifer a partial 
solution to this economic problem. More- 
over they reduce the drudgery and back- 
breaking tasks traditionally associated 
with agriculture. 

Development 

Chemical weed control, and even the 
use of relatively selective herbicides, had 
its start in Europe at the turn of the 
century. Copper and iron sulfates were 
used to kill broad-leaved weeds among 
cereal crops. Later the practice found 
a limited use in the United States. More 
successful was the use of Siuox (sodium 
diuitroorthocresylate) which was first 
developed in Prance and later exten- 
sively used in the western United States 
(35) . In the tropics chemical weed con- 
trol waaonly sporadically used, probably 
primarily . l(^cauBe of the availability of 
cheap labor. 


m 
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The discovery of 2,4-D has aroused 
great interest in tropical countries, and 
the indications are that chemical weed 
control will become standard practice in 
tropical agriculture. The reasons for 
this are at least twofold: first, 2,4-D is 
by far the best selective herbicide pro- 
duced so far for tropical use ; second, its 
Introduction occurred at a time of social 
revolutions characterized by the disap- 
pearance of cheap coolie labor and in- 
creased demands for a higher standard 
of living by the common field laborer. 
This necessitates more efficient agricul- 
tural practices. Plantation managers 
were therefore in a receptive mood when 
the introduction of 2,4-D gave promise 
of greatly reducing the cost of weeding. 

The substance 2,4-D (2,4-dichloro- 
phenoxyaeetic acid) is one of a great 
many synthetic plant-growth regulators. 
In 1942, at a symposium on hormones at 
Cold Spring Harbor, N. Y., P. W. Zim- 
merman of the Boyce Thompson Insti- 
tute demonstrated some effects of this 
substance and of many others which he 
and his associates had synthesized (57). 
On tomato and other plants the 2,4-D 
was shown to cause abnormal growth of 
the youngest leaves. The effect was .so 
striking that the plants appeared to be 
suffering from “shoe string” virus. 
Several other substances were shown to 
have this modifying effect on the growth 
pattern of leaves, but none was more 
active than 2,4-D. However, at that time 
it was not yet realized in this countrj’^ 
that these substances could be used for 
herbicidal purposes. The symposium at 
Cold Spring Harbor was one of the last 
before the demands of war suspended the 
free exchange of information between 
scientists. 

During the war the herbicidal proper- 
ties of some auxins, especially cnloro- 
phenoxy compounds, were realized in 
England (7, 33, 42) and in the United 
States (18, 29). In England sodium 


4-chloro-2-methyl phenoxyacetate, now 
known as “methoxone”, was developed 
since late 1941. In the United States the 
Special Projects Division of the United 
States Army tested over a thousand com- 
pounds for phytocidal activity; no sub- 
stances which were substantially more 
toxic than 2,4-D were reported (3, 1). 
Toxic as the compound is to plants, in- 
vestigations by the United States De- 
partment of Agriculture have shown 
that it is entirely harmless to man and 
cattle. 

When 2,4-D first became commercially 
available in limited quantities for ex- 
perimental purposes, its price, like that 
of many other synthetic growth regu- 
lators. was about one dollar per gram. 
When the value of 2,4-D to agriculture 
became apparent, large scale production 
by the chemical industry made the com- 
pound available in (juautity and at a 
very much reduced price. At present it 
can be bought in ton lots and at a price 
which is only slightly above 50 cents per 
pound. To think of growth-regulating 
substances in terms of tons is indeed 
strange for hormone physiologists, accus- 
tomed to handling these compounds in 
(piantities of micrograms. How rapid 
the development of 2,4-D for herbicidal 
purposes was is best told in the words 
of Kephart of the U.S.D.A. (24) : “Thus 
a substance that was a chemical rarity 
less than two years ago is now being sold 
in hundreds of thousands of pounds and 
creating a whole new industry”. In 
California alone over 50 different brands 
of 2,4-D herbicides were registei-ed for 
sale by May 1947. 

Action 

It is known that the most effective 
poisons are found among those com- 
pounds which resemble, in terms of mo- 
lecular structure, some hormone, vitamin 
or other substance necessary for the life 
of an organism (30, 56). Thus, for ex- 
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ample, it is believed that the sulfa drugs 
are such effective bacteriostatic agents 
because their molecular structure closely 
resembles that of para-amino-beuzoic 
acid which is an essential growth factor 
for many microorganisms. Due to struc- 
tural similarity of the molecule the or- 
ganism cannot distinguish between the 
growth inhibitor and the growth factor, 
and soon the active groups in its proto- 
plasm are saturated with the inhibitor, 
to the exclusion of the growth factor. 
This stops the normal functio^.,;<of the 
pratoplasm and thereby preventi^growth. 

The effectiveness of 2,4-D as a phyto- 
cide is probably based on somewhat simi- 
lar principles. There is ample evidence 
that in low concentrations 2,4-D acts like 
hormones of the auxin type. Like these 
auxins, 2,4-D in concentrations of the 
order of 5 to 10 parts per million is capa- 
ble of causing growth curvatures in leaf 
petioles (57), of preventing preharvest 
drop of apples (5, 20) and of inducing 
flower formation in pineapples (46). 
However, 2,4-D in concentration of 250 
parts per million will wipe out by one 
single spray application 80% of the weed 
population of the most common sugar- 
cane weeds in Puerto Rico (47, 49). 

What is it that makes 2,4-D so effec- 
tive? In the first place it appears that 
2,4-D, due to its close resembl^n^ in 
molecular make-up to natural auxins, is 
readily taken up by plants and trans- 
ported along their normal channels of 
hormone transport. Exp^iments at the 
Bureau of Plan{ Industry have made it 
likel}' that the substance i^ taken up and 
transported in the molecular non-dissoci- 
ated form (55) and that it is transported 
away from the leaf, to which it is ap- 
plied, to the growing and other regions 
of the plant in association with the trans- 
location, of sugars am^long the same 
course (32). These o^rvations have 
impoi'tant practical implications, viz., 
alkaline sprays in which the major part 


of the 2,4-dichlorophenoxyacetic acid 
occurs in the ionized form are less effec- 
tive (28) , and any action which prevents 
the leaf from normally translocating its 
sugars will also tend to prevent the 
spreading of the herbicide throughout 
the plant. 

In the second place, 2,4-D is an effec- 
tive phytocide because after its mole- 
cules have been transported along the 
regular channels of hoimone transport, 
they will arrive and apparently accumu- 
late at the site where the natural hor- 
mones are most active, i.e., in the proto- 
plasm of the growing meristematie zones. 
This has been directly demonstrated by 
the Bureau of Plant Industry in experi- 
ments with a growth regulator contain- 
ing radioactive iodine (55). 

The normal function of hormones in 
the protoplasm is not exactly known, but 
there is good evidence that plant hor- 
mones regulate enzyme processes. In 
this respect plant hormones resemble ani- 
mal hormones (2, 21), Among the enzy- 
matic processes which plant hormones 
affect are some processes of respiration 
(6, 39, 40, 54). Recently two Chinese 
workers (23) have given us evidence that 
the toxic effect of 2,4-D may be due to 
its interfering with aerobic metabolism. 
They pointed out that rice, which is 
capable of anaerobic germination, is 
little inhibited by 2,4-D, while barley, 
which will germinate only under aerobic 
conditions, is strongly inhibited by 2,4-D. 

It appears, therefore, that 2,4-D owes 
its effectiveness to its capacity to pene- 
trate, in a physiological fashion, into the 
protoplasm of the meristem, thereby 
upsetting its normal functions, per- 
haps by interfering with aero))ic metabo- 
lism. It is well to remember that meri- 
stems are among the most vulnerable 
parts of the plant, but often are so well 
protected by their location within the 
plant that they cannot be reached by 
contact sprays (10). It is only because 
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the homone weed killers invade the rotundus (Pig. 1), known as nut grass 

plant through its normal channels of in the United States and as “coqui” in 

transport that these well hidden meri- Puerto Rico. Its meristem is hidden well 

stems are being reached. An example below the surface of the soil and, in addi- 

of this IS the cyperaeeous weed Cyperus tion, is enclosed within the base of a 



Fio. 1. Cyperus rotundus, nutgrass or *‘coqui'', two weokt aftei* boing sprayed with 2,4-D. 
The meristematic region, indicated by an arrow, has disintegrated ctunpletely. The plant shown 
on the left was split lengthwise to show better the region affected by ilie herbicide. 
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structure which resembles a stem. No 
previous effective means of control ex- 
isted for this weed, viiich in certain 
localities in the tropics is a major pest, 
but with 2,4-D complete eradication has 
now become possible (48). 

In what manner could one visualize 
the effect'' of 2,4-D on aerobic metabo- 
lism ? Some scattered experimental data 
are available. With the aid of these, to- 
gether with information obtained in re- 
lated fields, an attempt can be made to 
come to at least some tentative under- 
standing of the. action of 2,4-D on the 
metabolism of the plant cell. 

Gk>ddard, in a clarifying chapter on 
the utilization of liberated energy (15), 
states:- “In many of the synthetic reac- 
tions of growth an increase in free en- 
ergy occurs, and such reactions may only 
occur if they are coupled with an oxi- 
dative reaction furnishing the energy 
deficit”. . . . “This widespread oxida- 
tive assimilation must be at the very 
basis of the chemisjhry of growth. ...” 
Oxidative assimila^n occurs in growing 
cells more frequently than in non-grow- 
ing cells, and seems much more striking 
in plant than in animal cells (15). The' 
fact that 2,4-D is toxic especially to 
growing cells and is specifically toxic to 
plants becomes understandable once one 
correlates the action of 2,4-D with oxi- 
dative assimilation. 

The energy liberated in oxidation is 
utilized for the work of th^cell. The 
exi^Tgy coupling involved is the central 
problem of cellular respiration (15). 
One way in which tlie energy transfer 
can take place is by transfer of phos- 
phate. Wildman and Bonner (54) have 
recently linked auxins to phosphate me- 
tabolism. From spinach leaves an auxin 
protein was isolated u||||||A., appeared to 
have phoq>hatase proi^pii and which 
could i^pidly hydrolyK a number of 
phosphorylated compounds. Since it has 
been shown that 2,4-D has many proper- 


ties of natural auxin it would not be sur- 
prising if 2,4-D, after combining with 
suitable proteins, would likewise be capa- 
ble of stimulating the liberations of in- 
organic phosphate from phosphorylated 
compounds. This may involve direct re- 
lease of phosphate-bond energy or trans- 
phosphorylation. Perhaps it would do 
so more strongly than the natural auxin 
indoleacetic acid. One reason for this 
would be that, as with hormones in gen- 
eral (21), indoleacetic acid is constantly 
being inactivated in the organism. Thus 
it has become known recently (41) that 
an oxidase exists which specifically in- 
activates the natural auxin indoleacetic 
acid. Many sjrnthetic auxins would 
escape such inactivation. It is a fact 
that 2,4-D ranks among the auxins which 
persist longest in ,the plant. Perhaps 
there are also other reasons why 2,4-D 
would be a stronger agent in the hy- 
drolysis of phosphorylated compound 
than native auxin. 

An exaggerated energy release in the 
organism may have far reaching conse- 
quences and may lead to the complete 
cessation of growth. A possible mecha- 
nism was suggested by McBlroy (30) : 

“If inorganic phosphate is increased 
greatly by the hydrolysis of some phos- 
phorylated intermediate (breakdown of 
high energy phosphates) , then the glyco- 
lytic reaction may be so stimulated that 
the oxidative processes concerned in syn- 
thesis may not be able to compete with 
the available hydrogen acceptors and are 
consequently inhibited”. 

Here then we may have a hiochemicfA 
ham for the understanding of the her- 
hicidal action of 2,4-D. It. now becomes 
understandable wh/ the toxic action of 
the compound' is slow. It becomes 
understandable why, due to 2,4-dichloro- 
phenojQracetic acid, respiration^ starch 
hjsdrolysis and depletion of food reserves 
are incressed (4, 9, 88), while at the 
same tim¥~ the growth process is in^ 
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hibited. A somewhat similar case is 
known for sea urchin eggs where it has 
been found that dichloronitrophenol and 
other substituted phenols will completely 
inhibit cell division, while at the same 
time respiration is markedly increased 
(26). 

Selective Action 

Another interesting aspect of 2,4-D is 
its great selectivity. Crafts (10), in an 
excellent review on selective herbicides, 
has stated that: “the toxicant will al- 
ways kill both weed and crop species if 
brought into intimate contact in suffi- 
cient concentration”. This is true, no 
doubt. But it is more obvious with 
arsenicals or sulfuric acid than with hor- 
mone herbicides. The selective action of 

2,4-D as a herbicide for sugar cane is 
such that it would require very special 
conditions, which rarely exist in practi- 
cal agriculture, to kill, or even seri- 
ously damage, a cane plant with 2,4-D. 
Whereas the most common cane weeds of 
moist regions, such as.Commelina (Fig. 
2) and Ipomea, were killed with one 
single aqueous spray of the ammonium 
salt of 2,4-D at a concentration of 500 
parts per million (Fig. 3), not the slight- 
est damage was observed to the cane 
plant itself. Even concentrations as 
high as 0.3% which were sprayed on the 
cane plants themselves were entirely 
harmless (4, 47). Reports from Louisi- 
ana (8) also show that the water soluble 
salts of 2,4-D cause no damage to sugar 
cane, and that only when the 2,4-D was 
applied in high concentrations (0.5%) 
and in the form of the oil-soluble esters 
were lesions in the leaves observed. 

In addition to sugar cane most other 
members of the grass family appear to 
be little sensitive to 2,4-D. Seedlings of 
grasses, however, although less sensitive 
than those of piany broad-leaved plants, 
appear to be inhibited by 2,4-D (11, 17, 
31,33). The writer was shown by Crafts 
at his experimental fields at Davis, Cali- 


fornia, a series of wild oat plants which 
had germinated in a soil which was 
treated with high concentrations of 

2.4- D. Not only was the germination 
much reduced, but the plants that did 
germinate had tubular leaves Avith the 
margins grown together in the same 
manner as found in coleoptiles and onion 
leaves. Members of the grass family 
may also be sensitive to 2,4-D during 
their reproductive stage. Rice was re- 
ported to be sensitive during the heading 
stage (36). 

Among the grasses, all relatively in- 
sensitive to 2,4-D, sugar cane appears to 
be least sensitive. Even during its early 
stage of development 2,4-D sprays do not 
appear to affect its growth. In this re- 
spect it is well to remember that a young 
sugar cane field is physiologically not 
comparable to a field of germinating rice, 
barley or oats. Sugar cane is commer- 
cially propagated by means of cuttings, 
technically known as “seed pieces”. 
Therefore, the young plants of cane are 
shoots developing from the lateral buds 
of the cuttings and not true seedlings. 
That such shoots might have a metabo- 
lism which resembles that of the adult 
plant rather than that of the seedling 
stage would not be surprising. For this 
reason it also becomes understandable 
why young cane plants are more resist- 
ant to 2,4-D than young plants of other 
members of the grass family which are 
propagated by seeds. Because in the 
sugar cane culture the fiowers are of no 
consequence, the plant also escapes a 
possible injury by 2,4-D during the re- 
productive stage, as is known for rice 
(36). The special circumstances just 
mentioned make sugar cane during its 
entire growth cycle — ^under plantation 
conditions — practically insensitive to 

2.4- D, at concentrations necessary to 
kill weeds. 

This relative insensitivity is probably 
not due to the failure of 2,4-D to pene- 
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Fia. 2. Commelina longusanm, wandering jew or ‘'cohitre”, two weeks aft^ being sprayed 
with 2,4-D. The intercalary growth regions, indicated by arrows, have disintegrated completely. 


Bight: untreated control. 

«r 

trate the sugar ease punt. It is known 
that auxins, such as naphthaleneacetic 
acid, penetrate sugar cane stems (45). 
It is also known that other hormone-like 
regulators penetrate into barley plants, 


without, however, causing a significant 
i;pduction in their growth. The latter 
was sbown by means of radioactive 
iodine whieh was used as a tracer in 
2-iodo-8-nitrobenzoic acid (55). The 
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problem of why certain plants, at certain 
stages of development, are sensitive to 

2.4- D, while other plants species are not, 
will probably be solved soon after we 
understand in detail where and how the 
natural auxins enter into the metabolic 
processes of the plant. 

Members of the grass family are not 
the only plants which are relatively in- 
sensitive to 2,4-D. Several broad-leaved 
plants are also relatively insensitive to 
the compound. Even within the same 
taxonomic group some plants may be 
sensitive, while others are not. Thus 
within the legumes it was often found 
that plants of a herbaceous character are 
highly sensitive, while many of their 
woody representatives are not. Among 
the sensitive herbaceous legumes are the 
bean and Stizolobium pruritum, also 
known as “pica pica”, which is feared 
by sugar cane workers for the stinging 
hairs on its pods (47). Among the 
legumes which resist 2,4-D are Erythrina 
species, which serve as coffee shade trees, 
and Derris eUiptica (53), a woody 
creeper the roots of which yield the 
insecticide rotenone. 

Coffee is another plant of great eco- 
nomical importance which seems to be 
immune to aqueous 2,4-D sprays. In 
coffee seedlings as well as mature trees, 
no damaging effects of 2,4-D were found 
(47). This is of considerable economic 
importance, as coffee plantations are 
habitually plagued by a number of harm- 
ful weeds which are diflScult to eradicate 
by the primitive traditional methods: 
Clerodendrum threatens to overshadow 
young plantings; a variety of vines, 
among which Ipomea species are promi- 
nent, is an ever present menace to the 
crowns of mature coffee plants ; and im- 
penetrable bushes of the giant nettle, 
Urera, make the tasks of workers in 
coffee plantations difficult. All ' these 
coffee weeds are highly susceptible to 

2.4- D sprays in low concentrations. 


There is a striking difference in sensi- 
tivity to 2,4-D in various stages in the 
growth cycle of plants. We have already 
mentioned the grasses which are more 
sensitive in the seedling stage than later 
in life. It appears that broad-leaved 
plants, too, are more sensitive in their 
early stages of development than in later 
ones. Weeds in the seedling stage are 
known to be most susceptible to eradica- 
tion by 2,4-D. The following may illus- 
trate this : 

Shortly after 2,4-D had begun to be- 
come available to commercial growers, 
the operator of a large sugar cane plan- 
tation asked for a sample of 2,4-D. This 
was promptly sent to him. The planta- 
tion in question was located in a moist 
region, where in our experience weed 
species occur which are highly suscepti- 
ble to 2,4-D. For this reason we ex- 
pected excellent results, and were much 
surprised when the grower reported that 
the new weed killer was no good since it 
had not killed the weeds as expected. 
Upon investigation we found that the 
planter, anxious to give the new herbi- 
cide a tough test, had applied the 2,4-D 
solution to a dense stand of tall, mature 
weeds. Such weeds are not much harmed 
by hormone herbicides. We left the 
plantation after having suggested that a 
new trial be started on a dense stand of 
young, actively growing weeds. The 
next report which we had from the 
grower was that he had ordered three 
tons of 2,4-D ! 

Mortality Curves 

The sensitivity of a weed to 2,4-D 
sprays can be expressed .graphically by 
plotting the percentage mortality against 
the concentration of the herbicide. The 
differences in sensitivity between plant 
species are reflected in mortality curves 
of different shapes, ranging from steep 
curves for the highly sensitive weeds to 
flat curves for the highly resistant spe- 
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cies. J’or practical purposes, however, 
the weeds of Puerto Rico have been 
divided into four sensitivity groups, each 
havii^ a specific mortality-concentration 
curve (47, 49, and Pig. 3). Group I 
comprises plants which are highly sensi- 
tive to 2,4-D and which can be eradicated 
by concefitrations of 0.05%. Group II 
includes plants which can be eradicated 
by concentrations of 0-15% 2,4-D. 
Group III contains plants which can be 
eradicated by concentrations between 0.2 
and 0.3% ; while, finally, group IV in- 
cludes plants wWch are relatively in- 
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Fio. 3. For practical purposes the wee^ o^ 
Puerto Rico have been dividedjf^to four sensi- 
tivity groups, each having a chimeterio^ curve. 
The fourth group, not shown, consists 1||||ibints 
relatively insensitive to 2,4-D. Most of the 
common weeds in sugar cane and coffee plan- 
tations belong to group 1 and can be eradicated 
at a cost of less than 50 cents worth of chemical 
per acre. 

sensitive to 2,4-D. The majority of the 
most noxious sugar cane And coffee weeds 
belong to group I, and can be eradicated 
at a cost of less than 30 cents worth of 
chemical per acre (47). 

Succession 

When growing conditions continue to 
be favorable for weedsy those killed by 
2,4-D will be replaeed.'by others which 
escape the lethal effect of the compound. 
It is a fact that the growth of grass 


weeds is indirectly promoted by 2,4-D 
sprays. This becomes understandable if 
one considers the following: A field of 
crop plants, together with its weeds, 
represents a plant population. The indi- 
vidual plant species which make up the 
population are in constant balance with 
each other. When one species is sup- 
pressed or killed the remaining members 
of the population compete with each 
other to take its place. This is illus- 
trated by the happenings in the cane 
field which was mentioned at the begin- 
ning of this article. Before 24-D treat- 
ment this field was dominated by broad- 
leaved M’eeds, especially Cleome. A close 
inspection of the weed population re- 
vealed also the pres^ce of numerous 
small weed grasses (Digitaria). These 
grasses, however, being sun lovers, could 
not develop because the fast growing 
Cleome plants overshadowed them. No 
sooner was the Cleome killed by the 
2,4-D sprays than these grasses sprang 
into prominence. In the meantime, how- 
ever, the sugar cane plants themselves 
had growm and were overshadowing and 
thereby checking the development of the 
weed grasses. 

It would seem, therefore, that 2,4-D 
cannot be used as the exclusive method 
in a weed control program, and it will 
probably prove most etficaceous if me- 
chanical weedings or applications of 
relatively non-selective herbicides be 
alternated with 2,4-D treatments (44, 
48). 

Possible Further Improvements 

It is always hazardous to predict 
future developments, especially in a field 
as new as that of the hormone herbicides. 
The spectacular development of 2,4-D 
which we have witnessed in recent yeans 
could hardly have been predicted. 
Nevertheless, on the basis of present 
knowled^ it seems possible to indicate 
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along which lines further development 
might take place. 

Improvements in equipment are likely, 
as at present the characteristics of 2,4-D 
are not fully taken advantage of. One 
of these characteristics is that hormone 
herbicides are active in small quantities. 
Yet, because of their relatively low solu- 
bility in water, up to recently applica- 
tions of from 100 to 300 gallons per acre 
have been necessary when aqueous sprays 
were used. Such sprays are popular in 
Puerto Rico at present because they 
allow purchase of the chemical in its 
cheapest form, the crj’stals of the 2,4-D 
acid. In addition, the solutions are 
easily made with the aid of small quan- 
tities of ammonia, and common applica- 
tors, ranging from knapsack sprayers to 
mechanical equipment designed for in- 
secticides, can be used. Nevertheless, the 
hauling of the large quantities of water 
necessary for these sprays is hardly effi- 
cient. It should be possible to use the 
hormone herbicides in a much more con- 
centrated form, perhaps using carriers 
other than water. Under such conditions 
it should be possible to reduce the 
amount of herbicidal material to a few 
gaUons per acre. The equipment neces- 
sary for such operations is not generally 
available yet, but there is evidence that 
thought is being given to this problem. 
Thus Hamner and Tukey described re- 
cently an atomizing nozzle which makes 
it possible to apply concentrated oils, oil 
emulsions or water solutions of 2,4-D at 
as low a rate as three gallons per acre 
(16). Nozzles of this general type al- 
ready have found wide application in 
California where low- volume spraying is 
becoming a standard practice. Tributyl 
phosphate has been found a suitable co- 
solvent of 2,4-D for use in mineral oils 
(14) ; at ordinary temperature this com- 
pound dissolves 36% by weight of 2,4-D. 
The triethanolamine salt of 2,4-D is so 
soluble that 0.7 lb. can be applied in less 


than two gallons of water (22), and some 
commercial preparations hold as much as 
3.5 lbs. per gallon of concentrate. 

Application of hormone herbicides in 
dusts is a possibility, and so are appli- 
cations by means of fog generators (50) 
of the type used for developing smoke 
screens during the war. However, ex- 
cept when the plantations to be treated 
are quite isolated, there is real danger 
that clouds of herbicidal material may 
drift beyond their objective and cause 
serious damage to sensitive vegetation. 
Law suits may result which could easily 
offset the gains obtained by the more 
efficient method of weed control. In 
addition, the size of the particles pro- 
duced by fog generators is naturally 
very small, and these will have such a 
high surface tension that they will tend 
to remain adrift rather than stick to 
plant material as intended. 

Another field in which it seems much 
progress can be made is that of develop- 
ing special herbicides for specific crops. 
Light oils, such as Stoddard solvent or 
stove oil (10, 27), are being used with 
success specifically for crops belonging to 
the Umbelliferae, such as carrots and 
celery. It has been reported from Eng- 
land (7) that 4-chloro-2-methyl phenoxy- 
acetate is less likely to injure cereal crops 
than 2,4-D. Isopropylphenyl carbamate 
has become known, which when added to 
the soil is more toxic to grasses than to 
broad-leaved weeds (12), thus having a 
selective effect which is the reverse of 
that of 2,4-D, Sinox and several of the 
older selective herbicides. In addition, 
2,4,5-trichlorophenoxyacetic acid has 
been reported highly toxic to potatoes, 
much more so than 2,4-D. These exam- 
ples show that it is possible to match 
chemicals with vegetation, for either di- 
minished or increased toxicity. 

The use of activators and sensitizers 
is another field in which progress could 
be made. Two papers have already ap- 
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peared which indicate that the use of 
additives to 2,4-D may increase its effec- 
tiveness. Phenylacetic apid (25) and 
onion extract (28) were shown to have 
such effect. The writer was also shown 
at the Federal Experiment Station at 
Mayaguez the eradication of Cynodon 
dactylon, a^eed grass, by a combination 
of 2,4-D and a low concentration of an 
arsenical (51). The grass is unaffected 
by 2,4-D alone and is damaged, but not 
eradicated, by the ■ arsenical alone. A 
mixture of the two compounds seemed to 
eradicate the weed grass completely. 
This is a rather Surprising observation 
in view of the fact that previous experi- 
ments have shown that 2,4-D .will not 
spread inside a plant unless^ normal 
photosynthesis and translocation can 
take place (32). Arsenieals would be 
expected to cause such interference and 
therefore would tend to render 2,4-D less 
effective. In the example of Cynodon, 
cited above, the reverse was observed. 
Hence the arsenieals made 2,4-D toxic to 
the grass, or perhaps 2,4-D enhanced the 
toxicity of the arsenieals. From Louisi- 
ana it has been reported (8) that flame 
cultivation makes sugar cane |)lants more 
susceptible to injury by 2,4-D esters. 
The nodes are affected. 

Last but not least, the way in which 
the hormone herbicides are used is soib- 
ject to many modifications and improve- 
ments. One of the most promising tech- 
niques is that of pre-emergence weeding. 
By means of this method weed 'Seedlings 
are killed before the emSiirgence of the 
crop^^so that the <jrop will mot require 
the usual tipe-eonsuming and^xpenaive 
hoeing ai]|4 cultivation. Hormone herbi- 
cides, which persist under humid condi- 
tions in the^il for only a few weeks, 
are well suited to remove weed seedlings 
frmn the fields prior W plAnting. Be- 
cause the action of these herbicides dis- 
appears from the soil before the crops 
are started, the use of 2,4r-D is not re- 
stricted to non-sensitive crops, but may 


be used as well for crops sensitive to 
2,4-D, such as leafy vegetables and beans. 
Under drier conditions, as occur in Cali- 
fornia, 2,4-D persists for longer periods 
in the soil, and diesel fuel oils may be 
used as pre-emergence sprays. Kephart 
(24), speaking about pre-emergence 
weeding, has estimated that: “This 
might well reduce the cost of producing 
field crops one-fourth”. 

Tropical use of 2,4-D and other hor- 
monal herbicides is not restricted to the 
usual plantation and cash crops, but can 
be used for improvement of pastures as 
well. The author and his asseiciates had-' 
an opportunity to help with b^fhsh eradi- " 
cation of pastures on a nearby island. 
Many thorny and undesirable shrubs 
which tend to hamper grass production 
(37) will regenerate from the stun^ 
after they have been cut down. Appli- 
cation of strong 2,4-D i^lutions on the 
cut surface prevented such regeneration 
and gave the pasture improvement a 
more permanent character. Similar re- 
sults were reported in the continental 
United States (19). 

When Not to Weed 

In an article on weed control in the 
tropics mention should be made of the 
fact that under certain conditions weeds 
may be highly beneficial. This is espe- 
cially so when they form a protective 
cover- over the soil. In tropical regions 
rains are often torrential and the indi- 
vidual drops large. The impact of these 
dr<^ on unprotected soils will invari- 
ably loosen soil particles. Once this has 
happened these particles are carried 
away by the run-off water, and large 
amounts of top soil are lost in an amaz- 
ingly short time (12). In tropical 
regions with the sun overhead many 
hours of the day, overheating of the 
upper layers of the unprotected soil is 
cofhmon. Temperatures of over 110** F. 
can be fouiul on an average day one inch 
below the surface 'of unprotected soils 



SYNTHETIC HOBMONES AS WEED 


457 


(44), and even six inches below the sur- 
face, temperatures of 94® were recorded, 
which is 15® higher than maximal tem- 
peratures in soil protected by a mulch 
(52) . It will be clear, therefore, that the 
dangers of excessive and unjudicious 
weeding are perhaps even greater in the 
tropics than in the middle latitudes. Be- 
fore attempting weed control the farm 
manager has to ask: ‘‘Is weeding neces- 
sary, and if so, to what extent”. 

The rapidly growing weeds, discussed 
at the beginning of this article, which 
threaten the very existence of the sugar- 
cane crop is a clear-cut case in favor of 
drastic weed eradication. Similarly, the 
removal of Commelina and vines from 
sugar cane plantations, in order to have 
a clean surface at harvest time, is an 
obvious operation. A thick cover of 
weeds does not allow cane cutters to cut 
the stalks close to the ground, which 
would result in the loss of the valuable 
ba.sal part of the stalk. In addition, the 
ratoon crop which follows a crop that is 
cut too high is subject to damage by wind 
which causes “falling” (43). The need 
for eradicating a number of noxious 
vines is equally clear: In sugar-cane 
fields the presence of Stizolohium (“pica 
pica”) makes it impossible for men to 
move through the plantations without 
danger of injury b 3 ’^ its stinging hairs; 
in the tree nursery the excessive shading 
caused by Ipomea and Cissus vines pre- 
vents the proper development of the 
young trees, while the tree-strangling 
habit of some of these vines tends to de- 
form the trunks of the nursery stock ; in 
coffee plantations these same vines tend 
to overshadow the crowns of the coffee 
plants thereby materially reducing their 
yield and often endangering the very 
existence of the plantation. 

Less clear-out cases for the need of 
weeding are found in the ground cover 
of coffee plantations. Here the giant 
nettle (Urera haccifera) and the dumb 
cane (Dieffenbachia seguine), both of 


which are injurious to plantation work- 
ers, have to be removed. On the other 
hand it is highly beneficial to leave a 
ground cover as a protection against soil 
erosion. Commelina, which is undesira- 
ble in sugar plantations, forms a bene- 
ficial ground cover in coffee plantations, 
and so do a large variety of other sTwall 
weeds. 

Excessive weeding, in the opinion of 
the author, is found in some Puerto 
Rican pineapple plantations. In these 
plantations clean cultivation is prac- 
ticed. In order to accomplish this, a 
cultivator is pulled by an ox between the 
rows of pineapple plants at rather fre- 
quent intervals. The animal, however, 
refuses to move between these rows if 
the sharp leaves of the pineapple ob- 
struct its path. Accordingly, men with 
machetes are sent into the fields to cut 
wide paths between the rows. In con- 
sidering this situation one finds that 
much is lost and little gained. The 
cutting of the pineapple leaves reduces 
their photosjaithetic area, which, in turn, 
results in a decreased fruit weight (46). 
It is also known that pineapple plants, 
being bromeliads — a family of epiphytes 
— have a poor and shallow root system. 
Moving the cultivator between the rows 
invariablj’ causes root damage. In addi- 
tion, r^oval of all weeds plus the cut- 
ting of the leaves causes the soil to be 
unnecessarily exposed to the sun. Know- 
ing the characteristics of the root system 
of the pineapple it does not seem hazard- 
ous to venture the guess that soil protec- 
tion would improve the growth of its 
root system. 

All these disadvantages of clean culti- 
vation in the pineapple field do not seem 
to bring with them anj' tangible advan- 
tage. The author became convinced of 
this when a plantation in the drier 
regions of Puerto Rico, in which periodic 
observations were made, was not weeded 
for a considerable time. The plantation 
was difficult to traverse on account of 



4S8 


EOONOMIO BOTANY 


the weed gfrowth, and to an apostle of 
clean cidtvation it must have presented 
a terrible sight. Neyertheless, its pine- 
apple plants grew beautifully and pro- 
duced an excellent crop. 

Cle^ cultivation was abandoned in 
Java when the planters realized that the 
relatively llightly harmful effect of “be- 
nign v^ds” is offset by their beneficial 
effect to the soil and to crop plants (34) . 
Of course, no general rule can be made. 
The intelligent plantation manager, 
aided by specialists in weed control, will 
have to decide in practically every indi- 
vidual case whether weeding is really 
necessary, and if so, to what extent and 
with what methods. 
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ECONOMIC BOTANY 


Utilizatfam Abstracts 


Wooden Boats of Ecuador. In the 
early wooden-ship building industry of Eeua- 
dor, beginning after the Spanish conquest 
in 1536, ‘liemp for cordage was grown in 
Chile, cotton for canvas in Peru, and tallow 
obtained from cattle raised locally or 
I imported frgm Chile. Underwater caulking 
' was made of fiber from coconut husks; above 
the water line hemp was used. Pulleys and 
deadoyes were made of local wood”. Today, 
despite the inroads of steel construction, 
there is still a great amount of wood ship con- 
struction for eoastwise and river traffic. The 
woods principally used in this work are 
known as mangle,* guayacan, black laurel, 
and amarillo. [The precise species can not 
be given — ^Ed.]. 

Mangle is one of the mangrov^, which, 
unlike most of them, ^^grows very straight 
and to a great size in the coastal salt water 
swamps”. The wood is very heavy, strong 
and moderately durable. According to local 
-opinion it gives best service if stored under 
water for six months after felling. One f eU- 
length piece, hand squared on all sides with 
an ax and adze, is used as the keel in boats, 
and must be replaced in three to eight years. 
Mangle is used also for stringers, clamps and 
shelves. ‘‘Other squared logs or timbers of 
amarillo and black laurel are brought in from 
more distant forests, whip-sawn into plank- 
ing and decking, and stacked for air season- 
in^^ And “men are sent into the nearby 
hills to obtain natural crooks of such ‘in- 
corruptil^’ species as guayacan, guachapeli, 
and madera negra, for stem, stemposts, 
frames, dedc beams and knees. These parts 
are selected in the standing tree for their 
particular use in the finished boat, crooks 
being selected that are bestl^suited to each 
member. After felling, the parts are worked 
and dbaped to rough dimei^ions to reduce 
weight before being taken from the forest”. 

“The planks below the water line are of 
amarillo, a species highly regarded by Ecua- 
dorian builders for its strength, durability, 
and resistance to attack marine borers. 
Above water line black fiurel is used, a 
species that gives good service but is not so 


highly regarded as amarillo. The 
species are used for decking”. 

“Planking seams below water line are 
caulked with coconut flbSf, a material said to 
be more durable under water than h mp 
caulking and, of course, much l^s expensive”. 
“Above water line and on deck, hemp caulk- 
ing is used, since it withstands alternate wet- 
ting and drying better than does the coconut 
fiber”. 

Black laurel is also used for planking and 
decking. (L. F. Teesdale, American Forests 
52: 410. 1946). 

Flax, Coir, Ramie, Henequen. Can- 
ada’s 15,700 acres of flax will produce an^ 
estimated 630 short tons of graded scatehec 
flax and 1,800 short tons of tow in the 1946- 
1947 season. “A new variety of flax has been 
produced by the U. S. Dept, of Agriculture 
under the name of ‘Cascade’. It is claimed 
to be resistant to wilt; immune from rust, of 
tall growth, ,and to have an important bear- 
ing upon the future of flax production in 
the U.S.A.”. 

The 47 centers of coir coconut husk fiber 
yarn centers in Ceylon are enjoying a boom 
to meet increased demands for the material 
by gunny bag manufacturers in South Africa. 

“The Florida Ramie Products Corporation 
has set up a plant for the decortication of 
ramie [Boehmeria nivea] at Belle Glade, 
Florida, with an estimated investment of 
300,000 dollars. 

“The plant reaches an hourly output of 500 
pounds of peeled fibre after two months of 
operation. Its total production is being taken 
by the Navy for packing warship propeller 
shafts”. 

“Production of henequen [Agave four- 
crogdes] fibre in Cuba during 1946 is esti- 
mated at 15,000 metric tons, and the 1947 
production is expected to be slightly larger. 
The greater part of the production is con- 
suxqpj^ locally. During the third quarter of 
1946, ^0 metric tons of henequen rope and 
twine were exported [from Cubd], principal 
destinations being the United States and 
Argentina”. (Anon*> Fibres 8(3): 101. 
1947) 




